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East-West Exchange 


Synthesis in the Study of Nucleotides: A. Todd 


Basic work on phosphorylation opens the way to an attack on nucleic acids 
and nucleotide coenzymes. 


Research in Outer Space 


Scientists of the U.S. National Committee for the IGY offer a program looking 
toward the automated exploration of the moon and planets. 


Space Program Offered by Killian Advisory Committee; other recent events 


The Voyage of the Lucky Dragon; other recent books .................00000005 


80s 


Temperature of a Close Earth Satellite Due to Solar and Terrestrial 


Beating: FR. Fy. Walseny ht... a wie 05.5 210s o-nte o © 0:0; eee ea 811 


Difference in Response of Phosphatases in Chick Embryo to Injection of 
Substrate: Y. Kato and F. Moog 


Synergistic Action of Ethylenediaminetetraacetate and Radiation on Yeast: 
W. J]. Bair and F. P. Hungate 


Observations on Flea Transfer between Hosts; a Mechanism in the Spread of 


Bunonic-Piague: “Vo aonwel et ale... 8 ee oesimegth: siacinls eee 814 


Presence of Polyamines in Certain Bacterial Viruses: 
B. N. Ames, D. T. Dubin, S. M. Rosenthal 


Gibberellin-Induced Systemic Fruit Set in a Male-Sterile Tomato: 
A. Persson and L. Rappaport 


Letters; Meetings; Equipment 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 












Colorlith is available 
in Surf Green, Charcoal 
Gray and Cameo Brown. 
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IN SCHOOL AND COLLEGE LABO- 
RATORIES J-M Colorlith offers proof of 
its practicality and attractive appearance. 


New personality for hard-working labs 


JM Colorhth 





handsome, tough, colorful 


Here's the new look in labs that’s just as 
practical as it is attractive. It’s Johns- 
Manville’s chemical-resistant work-surface 
material—Colorlith—and it’s ready to help 
you bring new color and design into the 
school and industrial laboratory. 


Made of asbestos and cement—cColorlith 
offers all these important advantages: COLOR 
—makes any lab a showplace. WORKABILITY 
—offers new design freedom. (Large 4’ x 8’ 
sheets can be cut in any shape). HIGH 
UNIFORM STRENGTH—rFesists years of 
strenuous service—can be used in thicknesses 


as low as 14” for resurfacing and fume hoods. 
HEAT RESISTANCE—asbestos and cement 
offer unmatched protection against thermal 
shock and fire. And Colorlith offers un- 
usually good chemical resistance, plus a 
smooth-writing surface that lab workers 
consider so important. 

For free Colorlith specification sheet plus 
a coast-to-coast list of J-M Colorlith labora- 
tory furniture manufacturers, see your local 
J-M representative. Or write Johns-Manville, 
Box 14, New York 16, N. Y. In Canada: 
Port Credit, Ontario. 


JOHNS-MANVILLE Yj 
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the top names in American business. 
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| IN INDUSTRIAL LABORATORIES Colorlith 
provides inviting working conditions for many of 
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Arey — 
Human Histology 


New—A Textbook in Outline 
Form! This remarkable text is vir- 
tually a road map through the 
wilderness of histology. You will 
find it a valuable aid to student un- 
derstanding and organization in 
this complex field. Though written 
in a narrative style, sentences are 
arranged in a descriptive outline 
form. Thus the student can see at a 
glance the framework of a given 
area of histology and the relative 
importance of facts relating to a 
particular type of tissue. 


The book’s coverage supplements 
the material in a standard histology 
text. New and significant advances 
in this subject have been incor- 
porated—particularly those based 
on expanded knowledge made pos- 
sible by electron micrography. For 
each tissue the author concisely de- 
scribes the location, gross appear- 
ance, structure and functional cor- 
relations. In addition, the essence 
of known information on the re- 
generative capacities of tissues and 
organs is summarized. 


Students will find this manual val- 
uable in organizing class notes, in 
reviewing for examinations, pre- 
paring laboratory assignments and 
svudying slides, and in obtaining an 
overall picture of histology. 


By Lesue Brainerp Arey, Ph.D., Sc.D., 
LL.D., Robert Laughlin Rea Emeritus Pro- 
fessor of Anatomy, Northwestern University. 
328 pages, 7” x 10”. $6.50. New! 


the minute structure 


These 3 recent 
SAUNDERS TEXTS 


excellently cover 











Gladly sent to teachers 


for 


consider- 
ation 


West Washington Square 





Giese — 
Cell Physiology 


Answering the need for a truly un- 
dergraduate text in the field, this 
unique book describes the major 
problems of cell physiology—ex- 
plaining their interrelationships and 
the current status of each. 


Subject matter has been confined 
by the author to that information 
dealing primarily with the cell, 
since this is basic to studies on 
multicellular organisms. You will 
find comprehensive coverage of: 
the scope of cell physiology, cellu- 
lar environment, cell and proto- 
plasm, exchange of material across 
the cell membrane, nutrition, ir- 
ritability and response, protoplas- 
mic growth and cell division, and 
history of cell physiology. 


There is up-to-date information on 
such currently important topics as: 
radiation effects, nuclear function, 
genesis and function of bioelectric 
potentials, etc. 


Organized to put pertinent data at 
your students’ fingertips, major 
topics are presented in bold face, 
minor ones in italics. Experiments, 
reference lists and appendices (in- 
cluding derivations of equations 
and more extensive chemical dis- 
cussions) enable the student to 
more readily grasp the material pre- 
sented. 


By Artuur C. Giese, Ph.D., Professor of Biol- 
ogy, Stanford University. 534 pages, 6” x 914”, 
with 259 illustrations. $10.00. 

















of cells 


and tissues! 








W. B. SAUN DERS COMPANY 


Philadelphia 5 





Maximow & Bloom — 
Histology 


Seventh Edition! This number 
one textbook in its field has been 
thoroughly revised and rewritten 
to assure you of the most up-to- 
date and authoritative material on 
microanatomy. Magnificently illus- 
trated, it describes the minute 
structure of each organ of . the 
human body and explains the func- 
tion of each of the cells that make 
up an organ. The location, composi- 
tion, appearance, structure and dif- 
ferentiating characteristics of each 
tissue are carefully described in 
detail. 


You will find new material on the 
ultrastructure of the cell, as re- 
vealed by electron micrography. 
New understanding of tissue struc- 
ture, made available through this 
medium, is incorporated into the 
textual descriptions. There is also 
significant new information in the 
sections on epithelium, bone, nerv- 
ous tissue, skin, cartilage, muscle, 
intestine, lung, kidney and retina. 


The book continues to represent the 
finest collection of histologic illus- 
trations (many in color) ever as- 
sembled and published. The careful 
integration of structure and func- 
tion makes this volume an unparal- 
leled student text. 


By ALExaNper A. Maximow, Late Professor of 
Anatomy, University of Chicago; and WILLIAM 
Bioom, Professor of Poa ae hwy A of 
Chicago. 628 he al as! 

trations, 56 in color. n° 00. Phonon hy Edition! 
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SANBORN 
SYSTEMS AND INSTRUMENTS 


—on display at the current conventions* 


PHOTOGRAPHIC RECORDING SYSTEM 


... Up to 8 channels 


Completely new, highly flexible “550M Poly- 
Beam’”’ provides up to 8 channels for recording 
— and up to 4 channels for monitoring — in 
single, standard size mobile cabinet. Recorder 
uses 15 em. wide paper, with entire chart width 
available to each galvanometer beam; can be 
equipped originally for 4 channels, later easily 
expanded to 6 or 8 channels by adding coil-and- 
mirror galvanometer inserts. Optional Monitor- 
ing Unit incorporates an oscilloscope and elec- 
tronic switch, to permit instantaneous visual 
presentation of as many as four waveforms 
simultaneously, and a vector timer for display 
of vector loops on the oscilloscope. Also avail- 
able are new, miniaturized interchangeable 
plug-in Preamplifiers, for recording numerous 
phenomena such as an ECG, EEG, fetal ECG, 
phonocardiogram, pressure, temperature, etc. 








DIRECT WRITING SYSTEM. . . 6- & 8-channel 


New ‘350M” system also features single cabinet packaging, 
interchangeable Preamplifiers, optional Monitoring Unit. 
Flush front recorder has 8” of visible record, electrical push- 
button chart speed control with contacts for remote control, 
extended frequency response to 120 cps, fully transistorized 
Power Amplifiers...and many other operating and per- 
formance advantages. 


TRANSDUCERS 


+». temperature 
and pressure 


The Sanborn exhibit 
will also show for the 
first time a new resist- 
ance thermometer with 
five probes, providing 
ten ranges between 0° 
and 100°C, sensitivity 
of 0.2°C /em deflection, 
and rapid response... 
as well as new wider 
range pressure trans- 
ducers, including a 
type for use in gas 
measurements. 


“FAMILIAR” SANBORN INSTRUMENTS You are cordially invited to 
displayed and demonstrated will include such stop by to see these new Sanborn 
equipment as the Sanborn-Ampex Heart Sound research instruments — shown for the 
Tape Recorder/Player... Model 51 Viso and § first time at these conventions*. 


Model 300 Visette electrocardiographs . . . Twin- 
Beam 2-channel system . . . Viso-Scope oscillo- 
scope... and others. 


% reo. AMER, SOC. EXP. BIOLOGY Philadelphia—April 14-18 Booth 14 & 15 
AMER. COL. PHYSICIANS Atlantic City—April 28-May 2 Booth 204 & 206 


Your questions and comments 
will — as always — be 
most welcome! 


AMER, SOC. CLINICAL INVESTIG, Atlantic City—May 4-6 Booth 3 & 4 ee yen St, Waltham 54, Mass 
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RAYTHEON 
SONIC 
OSCILLATORS 





now in 4 out of 5 research /aboratories 


Scores of valuable services are performed 
for researchers by this versatile tool. In 
fact, the utility of Raytheon Sonic Oscil- 
lators is continually increasing in labora- 
tory projects such as seed germination, 
bacteria growth, acceleration of chemical 
reactions, diffusion of gases in liquids, dis- 


The only low-frequency magnetostriction 
units available, Raytheon Sonic Oscilla- 
tors offer outstanding advantages in 
trouble-free construction, simple opera- 
tion, long life and low cost. The treatment 
cup may be autoclaved, temperature and 
pressure controlled. “Plug-in” installation. 


integration of bacteria, and others. 








YOURS— WITHOUT 
COST OR OBLIGATION! 





CC eee 


Raytheon Manufacturing Company 
Commercial Equipment Division—Medical Products Department 
Waitham 54, Massachusetts 


Please send the following Sonic Oscillator material: 
() Comprehensive application bibliography 


() Summary of applications (from more than 500 users) 
(0 Complete specification sheet 







Name 














-250Watt Unit = 
—(165cc-10KC) Address. . 
. City _Zone____._State__ 
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Portion of typical reference 
fringe pattern obtained 
from standard production 
model, magnified to show 
straightness and definition 
of entire pattern. 


Sales and service facilities on 

the Model H are available on the same 
basis as for Spinco Ultracentrifuges, 
assuring prompt, efficient service 

for users here and abroad. 
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Electrophoresis of human 
plasma diluted 1:6; ascending 
boundaries. Inclined knife- 
edge schlieren. 





ELECTROPHORESIS 
AND DIFFUSION 
im one precision wnstrument 





As protein research progresses, biochemists rely more and more 

upon instruments of high precision for diffusion and electrophoresis studies. 
Especially critical are the optical measurements needed to obtain 
accurate di‘rusion coefficients, absolute electrophoretic 

mobilities, and information on purity. 

An exceptional optical system is one of the outstanding features 
which have made the Spinco Model H invaluable for exacting work in both 
electrophoresis and diffusion, Light passes through each operating cell 
twice, giving double sensitivity. Patterns are sharply defined and 
peak positions can be precisely determined. Reproducible measurements 
may be made to better than 1/25 of a fringe, which corresponds to 
approximately .00025 percent protein. 

The optical system is flexible, too. It permits measurements by 
five different methods — ordinary and cylindrical lens schlieren, Rayleigh 
and Gouy fringes, and mechanical scanning. 

Further versatility is achieved by a rotary cell turret which 
supports three operating cells. Any cc . bination of diffusion and electro- 
phoresis studies may be performed simultaneously with the three cells. 

We'd like to tell you more about the Model H and how it 
can fit the requirements of your research program. For complete details, 
please write Spinco Division, Beckman Instruments, Inc., Stanford 
Industrial Park, Palo Alto, California, for information File H-5D. 


Beckman® 
Spinco Division 


Rerk 





Instr ts, Inc. 
$-53 
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| ; Seitz | first in precision optics 











LEITZ NEW 
FREEZING 
MICROTOME 


Considerably larger than our 
standard freezing microtome, this 
sturdily built instrument has built- 
in specimen and cooling arrange- 
ments, thus eliminating all but one 
carbon dioxide cable. Sections may 
be cut at variable thicknesses from 
2.5 to 50 microns. Adjustable ob- 
ject clamps are available, as well 
as paraffin and freezing stages of 
50 and 35 mm. diameters. Guar- 
anteed to give you better frozen 


sections more rapidly. 





A reputation for integrity and a tradition of service have led thousands of scientific 
workers to bring their optical problems to Leitz. If you have problems in this field, 


why not let us help you with them? 

















sor Schall Sls scent sas sess, en i, gs: <a ines. pi a meee 
E. LEITZ, INC., Dept. SC-4 
| 468 Fourth Avenue, New York 16, N.Y. 
Please send me the Leitz brochure. 
See your Leitz dealer and examine these Leitz 
instruments soon. Write for information. NAME 
STREET. 
CITY. ZONE STATE 
— — 


E. LEITZ, INC., 468 FOURTH AVENUE, NEW YORK 16, N.Y. 
Distributors of the world-famous products of 
Ernst Leitz G.m.b.H.,Wetzliar Germany- Ernst Leitz Canada Ltd. 
LEICA CAMERAS - LENSES - MICROSCOPES BINOCULARS 
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I. R. MAXWELL & CO. LTD. 


THE WORLD’S LEADING DEALER AND STOCKIST OF OUT-OF-PRINT 
AND DIFFICULT TO GET SCIENTIFIC AND MEDICAL PUBLICATIONS 


Scientists and Librarians 





Urgent need for your “no longer required” or surplus journals and books 


on your shelves or in your attic 


We urgently require individual volumes and complete sets of the titles listed herewith for university and industrial libraries at home 
and abroad. Please check this list and inform us if you have any of these available. We shall pay highest market prices and be most grate- 


ful for any you can offer. 


You may also send us as soon-as you can a complete list of your surplus books and journals of which you are willing to dispose. Im- 
mediately after the receipt of your letter, we will send you our cash offer with instructions. If required, we can arrange assistance for pack- 
ing. We shall also be very pleased to help you fill from our stock of over 1,000,000 volumes your requirements for out-of-print or “difficult to 
get” books and journals. Please send us your inquiries. 





Am. Jrnl. of Physiology 

Annals of Mathematical Statistics 
Archiv fuer Mikrobiologie 
Biochemische Zeit. 

Chemical Engineering 

Chem. Berichte 

Cptes Rendus des Seances, Soc. De Biologie 
Electrical Engineering 

Ingenieur Archiv 

Jrnl. Accoustical Soc. of Amer. 

Jrnl. Optical Soc. of America 

Jrnl. of Applied Mechanics 

Jrnl. of Cellular & Compar. Physiology 
Jrnl. of Chemical Education 

Jrnl. of Gen. Physiology 

Jrnl. of Physical Chemistry : 1952-55 


Jrnl. of Research, Natl. Bureau of Stand- 
ards, U.S. 


Naturwissenschaften 

Planta 

Proc. Cambridge Philosoph. Soc. 

Proc. London Mathem. Soc. 

Receuil des Travaux Chimiques des Pays- 
as. 

SAE Journal 

Trans. American Microscopic. Soc. 

Trans. American Soc. for Metals 

Zeit. f. Mathematik & Mechanik 

Zeit. fuer Elektrochemie 


Zeit. f. Lebensmittel Untersuchung & For- 
schung 
Zeit. f. vergleichende Physiologie 


American Jrnl. of Botany 
Am. Mineralogist 

Analyst 

Annalen der Chemie 

Bell System Technical Jnl. 
Botanical Gazette 
Chemical Eng. Progress 
Cptes Rendus, Academ. des Sciences 
Helvetica Chimica Acta 
Am. Ceramic Soc. Bulletin 
Jrnl. Franklin Inst. 

Jrnil. Textile Inst. 

Jrnl. of Applied Physics 
Jrnl. of Bacteriology 

Jrni. of Biol. Chemistry 
Jrnl. of Chemical Physics 
Jrnl. of Exp. Zoology 
Jrnl. of Physiology 


Single issues and duplicate volumes as well as complete or part sets of the above-mentioned journals 


welcomed. 


Maxwell & Co. are also the world’s leading specialist booksellers aiding progress in science, medi- 
cine, industry, and education. We offer the individual book buyer and professional librarian many 


Kolloid Zeit. 
Phil. Transactions Royal Society 
Proc. Inst. of Radio Engineers 
Proc. National Acad. of Sciences, U.S.A. 
Review of Modern Physics 
Science (N.Y.) 
Trans. American Soc. of Mechanical Engi- 
neers 
Trans. Institute of Chemical Engineers 
Zeit. f. Anorg. & Allgemeine Chemie 
Zeit. f. Physik 
Zeit. f. Zellforschung & Mikroskop. Anatomie 
American Jrnl. of Botany 
American Jrnl. of Roentgenology, 
Therapy & Nuclear Medicine 
Analytica Chimica Acta 
Annales de Physique 
Archiv f. Pathol. & Pharmakologie 
Bulletin of Mathematical Biophysics, Soc. 
Chemical & Engineering News 
Cptes Rendus des Travaux 
Carlsberg 
Experientia 
Food Technology 
Industrial Chemist & Chemical Manuf. 
Jrnl. of Exper. Biology 
Jrnl. Inst. of Petroleum 
Jrnl.-Scientific Research Inst. Tokyo. of 
Physical & Chem. Research Scientific Pa- 
pers, in Engl. 
Jrnl. of Labor & Clinical Medicine 
Physiological Reviews 
Rubber Chemistry & Technology 
Trans. American Geophysical Union 
Zeit. f. Metallkunde 
American Machinist 
American Mathem. Monthly 
Archiv f. Elektrotechnik 
Gazzetta Chimica Italiana 
Jrnl. Chemical Soc. of Japan, Pure Chem. 
Section 
Jrnl. f. praktische Chemie 
Jrnl. of Morphology 
Jrnl. de Physique et le Radium 
Monatshefte f. Chemie U. Verwandte Teile 
anderer Wissenschaften 
Aeronautical Quarterly 
Annales-Real Soc. Espanola do Fisica y 
Quimica, Ser. B. Quimica , 
Applied Microbiology 
Applied Scientific Research 
Physics, Acoustics, Optics 


Radium 


Laboratoires 


up-to-date services hitherto not available anywhere. 


-B, Electro- 


Frequenz 

Industrie Chimique Belge 
Jrni. Indian Inst. of Sciences 
Jrnl. Inst. of Water Engineers 
Jrnl. of Metals 

Record of Chemical Progress 


Techn. Reports-Res. Lab. 
Mass. Inst. of Technology 


Technische Mitteil. Schweizer. 
graph. u. Teleph. Verwaltung 

Botaniska Notiser 

Bull. de la Soc. Chimique de Belgique 

Canadian Jrnl. of Chemistry 

Canadian Jrnl. of Technology 

American Jrnl. of Physics 


American Jrnl. of Public Health & the 
Nations Health 


American Scientist 

Annals of Tropical Medicine & Parasitology 
Astrophysical Jrnl. 

Canadian Jrnl. of Research 

Cereal Chemistry 

Chemie Ingenieur Technik 

Electrical Review (London) 

Food Research 

Fuel 

Jrnl. American Statistical Assoc. 


Jrnl. Inst. of Metals with Metallurgical 
Abstracts 


Jrnl. Inst. of Civil Engineers 

Jrnl, Washington Academy of Sciences 
Jrnl. of Immunology 

Metal Progress 

Proc. of the Inst. of Electrical Engineers 
Stain Technology 


Trans. American Inst. of Electrical BEngi- 
neer 


Abstr. of Papers. Am. Chemical Society 
Annali di Chimica 


Archives Intern. de Pharmacodynamie et de 
Therapie 


Jrnl. American Society of Naval Engineers 


of Electronics, 


Post Tele- 








For full details of services offered, please write to the convenient address for free descriptive booklet 


I. R. MAXWELL & CO. LTD., International and Industrial Booksellers 


NEW YORK 
122 East 55th Street, New York 22, N.Y, 


784 


LONDON PARIS 


LOS ANGELES 
4 & 5 Fitzroy Square, London W.1. 
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AMERICAN ASSOCIATION 


e FOR THE 
ADVANCEMENT OF SCIENCE 
e- ; 
East-West Exchange 
Board of Directors 
n- ; r i rT: 
—_ Banas, Reactions The East-West exchange agreement between the United States and the 
: Pau E. Kuopstec, President Elect ’ ° . 
to § te . Soviet Union, which was signed 27 January, is the product of a protracted 
i LaurENCE H. Snyver, Retiring President 5 psn 
| Paut M. Gross series of negotiations. The first steps toward the exchange were taken at 
8 : step. . g 
Georce R. Harrison the Geneva summit conference in 1955 with the consequence that a few 
es . . 
Cuauncey D. Leake technical teams were exchanged in 1956. Not much exchange could take 
Marcaret Meap place, however, so long as the Russians refused to meet the United States 
Teouas Fas requirement that all foreigners entering this country, other than officials, 
a had to be fingerprinted. 
Wittiam W. Rusey 
EE EF The way to a wider exchange was opened when, early last fall, Congress 
7 Pau, A. Scmnsan, Treasurer gave the Secretary of State the right to waive the fingerprinting require- 
~ Daet WotFLeE, Executive Officer ments. Negotiations for exchange began last October, and agreement was 
ele- reached in January. 
‘ The State Department negotiated not only with the Soviet Union, but 
iim, Waele, See also with private American groups who might or might not want to enter 
Granam DuSuane, Editor ; 2 
: : into the exchange program; the Russians had no comparable problem ow- 
JoserH Turner, Assistant Editor ; he diff - ae Ba t- as heir G 4 
Rosert V. Ormes, Assistant Editor ing tot e different relation of their citizens to their Government. It is to 
an this difference that the remarkably specific terms of the agreement may 
Editorial Board be attributed. Thus, for example, the countries agreed to exchange eight 
Wattace R. Brope Epwin M. LERNER medical delegations of five or six specialists in the fields of antibiotics, 
BY BENTLEY GLAss Witttam L. Straus, Jr. microbiology, physiology and pharmacology of the nervous system, and so 
Kant Lang-Hosoverz = Enwanp L. Tatum on, for periods ranging from two to six weeks; to exchange a Soviet pianist 
Editorial Staff and a violinist for two American vocalists; and to exchange 20 students in 
Many L. Caasmz, Sana S. Dass, Luoniz Gut- 1958 and 30 in 1959. The same pattern was followed in other exchanges: 
warp, Nancy S. Hamitton, Ouiver W. Heatwoe, so many exhibits, films, and radio and television programs will be traded, 
Nancy L. Jackson, Yuxie Kozat, ELten E. Mur- and so many people will be exchanged in the fields of agriculture, indus- 
PHY, BETHSABE PEDERSEN, MADELINE SCHNEIDER, try, medicine, the arts, the sciences, education, and athletics (including 
gical JacqueLyn Votimer, Maria A. WoLsAK chess). 
Eart J. Scueraco, Advertising Representative Wide as this range of occupations is, it is not complete; for some Amer- 
ican groups would not enter into any arrangement because of their re- 
: ci aca eee 
SCIENCE, which is now combined with THE luctance to do anything that would “legitimatize” their Soviet counter 
" SCIENTIFIC MONTHLY, is published each Fri- parts by making it appear that they accepted them as their equals in 
day by the American Association for the Advance- democracy and freedom from Governmental control. Among those who 
ment of Science at Business Press, Lancaster, Pa. k thi d a . Tee dis Rev 
ingi- The joint journal is published in the SCIENCE took this stan A cosas the American Legion, the boy courts, iach, cor el a 
format. [ene at the ope — So ae porters, labor unions, and chambers of commerce. This limitation on the 
as second class matter under the Act o arc! : ° . Pe 
1879. SCIENCE is indexed in the Reader’s Guide exchange is not as great as it seems:. anyone can make his own arrange- 
et de to Periodical Literature. ments to visit the Soviet Union, and the State Department stands ready 
Editorial a ernest weg eT to facilitate exchange for any organized group that wishes it. 
ers . . . . . . 
nde cml pte é ‘NW, Washington 5, D.C. There is another respect in which the exchange is not as effective as it 
Manuscripts should be typed hoy cpa spacing might ideally be: certain cities in each country are out-of-bounds for na- 
and submitted in duplicate. The AAAS assumes no : . ey eS . 
dapendiitlity for the calety of witmaactighn or for tionals of the other country. This kind of eye for an-eye diplomacy arose 
the opinions expressed by contributors. For de- when the Russians closed certain cities to Americans and the State Depart- 
tailed suggestions on the preparation of manu- ment retaliated by closing “equivalent” cities to the Russians. 
scripts, book reviews, and illustrations, see Science his kind of Tae son ie. f ‘ 
125, 16 (4 Jan. 1957). As long as this kind of restriction remains in force we may expect repeti- 
Display-advertising correspondence should be tions of incidents like that of last November when a Russian chess cham- 
addressed to SCIENCE, Room 740, 11 West 42 pion was prevented from accepting an invitation to take part in a tourna- 
St., New York 36, N.Y. in Dall 
Change of address notification should be sent to ment in Dallas. . : , . id 5 
1515 Massachusetts Ave., NW, Washington 5, D.C., If exchange is a good thing—and both countries think it is—then it 
#' weeks in advance. If possible, furnish an address ought to be carried out in full. Both countries ought to relax their re- 
stencil label from a recent issue. Be sure to give e.g 3 x 
both old and new addresses, including zone num- strictions on travel. But if this cannot be done, why should we not take 
bers, if any. unilateral action and extend to the Soviets the same travel opportunities 
Annual subscriptions: $8.50; foreign postage, . ? . . : - 
m?. $1.50; Canadian postage, 75¢. Single copies, 5¢. that we extend to other foreigners! If we did this the Soviet Union would 
Cable address: Advancesci, Washington. have the choice of either following suit or having to defend a logically inde- 
fensible position—G. DuS. 














S/N STANDARD 
MICROSCOP 
at SCHOOL 
BUDGET 

PRICE! 


Dollar for Dollar, B&L 
Matches the Lowest Price; 







BAUSCH & LOMB 


, STANDARD TEACHING 


MICROSCOPES 


ONLY 


“117! 


$105 7° each in 
lots of five 


Feature for Feature, 
B&L is Miles Ahead! 


® STANDARD OPERATION Separate coarse and @ NEW 43X OBJECTIVE Higher resolution 
fine adjustments . . . students learn correct microscopy (0.55 N.A.). Better image quality: flatter, distortion-free 
from the start ... nothing to unlearn later. field; higher contrast. 
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11 April 1958, Volume 127, 


Synthesis in the 
Study of Nucleotides 


Basic work on phosphorylation opens the way to an 
attack on nucleic acids and nucleotide coenzymes. 


The term nucleotide requires defini- 
tion, for, like many other terms, it is 
now used in a much broader sense than 
when it was first introduced. Originally 
it was applied only to the phosphate 
esters of certain N-glycosides of purine 
and pyrimidine bases (the nucleosides) 
obtained on hydrolyzing nucleic acids. 
Today it is applied generally and rather 
loosely to phosphates of N-glycosides of 
heterocyclic bases, and it includes not 
merely the simple nucleotides of the 
original definition but also the nucleic 
acids (polynucleotides) and such sub- 
stances as nicotinamide nucleotide (5’- 
phosphate of the quaternary N-ribo- 
furanosylnicotinamide), and adenosine 
triphosphate (ATP). The nucleotide co- 
enzymes are, in general, characterized 
by the presence in them of at least one 
simple nucleotide residue and, although 
derivatives of riboflavin phosphate 
(FMN) are not glycosidic in nature, they 
are commonly listed among the nucleo- 
tides because of their close similarity to, 
and association with, true nucleotides. 

In 1939 when I first began experi- 
ments in this field the fundamental sub- 
stances of the group—the nucleosides 
obtained by hydrolyzing nucleic acids— 
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had long been known and had been the 
subject of study by various workers. The 
early studies of Fischer had been fol- 
lowed by those of a few other investiga- 
tors, among whom one thinks particu- 
larly of Levene. As a result it was estab- 
lished that the four nucleosides derived 
from ribonucleic acids were N-p-ribo- 
sides of adenine, guanine, uracil, and 
cytosine, respectively, but the size of the 
lactol ring in the sugar residue and the 
configuration at the glycosidic linkage 
were unknown while the point of at- 
tachment of the sugar residue in the 
purine nucleosides was still in dispute, 
although the spectroscopic evidence of 
Gulland and Holiday (1) indicated with 
a high degree of probability that it was 
N,. Of the nucleosides from deoxyribo- 
nucleic acids, all that was known with 
any certainty was that they were 2-deoxy- 
p-ribosides of the bases adenine, guanine, 
thymine, and cytosine, and it was as- 
sumed that they were structurally anal- 
ogous to the ribonucleosides. 

The chemistry of the nucleotides— 
the phosphates of the nucleosides—was 
in a correspondingly primitive state. It 
may well be asked why the chemistry of 
these groups of compounds was not fur- 
ther advanced, particularly since we rec- 
ognize today that they occupy a central 
place in the chemistry of the living cell. 
True, their full significance was for long 
unrecognized and emerged only slowly as 
biochemical research got into its stride, 
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but I think a more important reason is 
to be found in the physical properties 
of compounds of the nucleotide group. 
As water-soluble polar compounds with 
no proper melting points, they were ex- 
tremely difficult to handle by the classi- 
cal techniques of organic chemistry and 
were accordingly very discouraging sub- 
stances to early workers. It is surely no 
accident that the major advances in the 
field have coincided with the appearance 
of new experimental techniques such as 
paper and ion-exchange chromatogra- 
phy, paper electrophoresis and counter- 
current distribution peculiarly appro- 
priate to compounds of this group. With- 
out them and without the availability of 
convenient and precise spectroscopic 
methods, I doubt whether our work 
would have been possible. 

I decided that we should seek to 
clarify the nucleotide field beginning 
with the simplest units—the nucleosides. 
To do so we applied primarily the 
method of synthesis since the amount of 
preliminary information available from 
earlier work had at least given sufficient 
indication of the nature of the nucleo- 
sides to make such an attack appropriate. 
This phase of our work, although pro- 
viding, I believe, an interesting example 
of the power of synthetic methods in 
structural work, would take an entire 
lecture to describe in itself, and I shall 
not, therefore, discuss it here. Suffice to 
say that this work led to the rigid estab- 
lishment of the structure of the individ- 
ual ribonucleosides as the 9-6-p-ribo- 
furanosides of adenine and guanine and 
the 3-B-p-ribofuranosides of uracil and 
cytosine and to the total synthesis of 
all of them (2). The deoxyribonucleo- 
sides were similarly shown to be 9-B-2- 
deoxy-p-ribofuranosides in the case of 
the purine, and 3- B-2-deoxy-p-ribofuran- 
osides in the pyrimidine members (3). 

The difficulty of obtaining and of 
handling derivatives of 2-deoxy-p-ribose 
has hampered synthesis of the natural de- 
oxyribonucleosides, but deoxyuridine has 
recently been synthesized (4) and it is 
likely that synthesis of the others will 
shortly follow. For reference the struc- 
tural formulae of two typical nucleosides, 
the ribonucleoside adenosine (I) and 
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the deoxyribonucleoside deoxycytidine 
(II), are given in Fig. 1. ° 

The simple nucleotides are phosphates 
of the nucleosides, the phosphate residue 
being attached to one or other of the 
hydroxyls in the sugar portion of the 
molecule. Phosphorylation of the nucleo- 
sides was thus a second essential phase 
in our studies. Although organic phos- 
phates and polyphosphates are of wide- 
spread occurrence in living matter, rela- 
tively little attention had been paid in 
the past to their synthesis and still less 
to their chemical behavior. True, a num- 
ber of organic phosphates had been pre- 
pared, usually by rather crude proce- 
dures not well suited to use with sensitive 
molecules, and we found it necessary to 
undertake a general study of phosphory- 
lation in all its aspects so as to make 
available methods which might.be satis- 
factory in dealing with the rather wide 
range of delicate structural features to 
be encountered in the nucleotide and 
nucleotide coenzyme field. 

The most widely employed phosphory- 
lating agent which emerged from these 
studies is dibenzyl phosphorochloridate 
(C,H,;CH,O),POCI (5). This rather 
unstable substance may readily be pre- 
pared in solution from dibenzyl phosphite 
by chlorination either with chlorine itself 
or with N-chlorosuccinimide, and it re- 
acts smoothly with alcohols in the pres- 
ence of tertiary bases to yield alkyl di- 
benzyl phosphates from which the pro- 
tecting groups may be removed by a 
variety of methods. Monodebenzylation 
may be effected by treatment with 
strong tertiary bases (6), by anionic fis- 
sion (7), or by partial hydrogenation; 
complete debenzylation can be brought 
about by, for example, hydrolysis, cata- 
lytic hydrogenolysis, or ammonolysis. 

Although dibenzyl phosphorochlori- 
date has been the most generally used 
reagent for the phosphorylation of alco- 
hols, other methods have been developed 
by us which are also effective and find 
uses in particular cases. These include 
phosphorylation with tetraesters of pyro- 
phosphoric acid (8), with mixed anhy- 
drides of diesters of phosphoric acid with 
stronger acids (for example, sulfonic 
acids) (9), the reaction of dialkyl phos- 
phites with polyhalogen compounds in 
presence of a base and the substance to 
be phosphorylated (1/0), and the im- 
portant phosphite route in which an al- 
cohol is converted first to an alkyl benzyl 
phosphite by treatment with the mixed 
anhydride of benzyl phosphorous acid 
and diphenyl phosphoric acid, the phos- 
phite then being converted to phosphate 
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Fig. 1. Structural formulae of two typical 
nucleosides, ribonucleoside adenosine (1) 
and the deoxyribonucleoside deoxycyti- 
dine (II). 


either via the phosphorochloridate or by 
direct oxidation (//). 

As a result of these basic studies on 
phosphorylation we were able not only 
to synthesize all the theoretically possible 
simple nucleotides derived from the 
natural ribonucleosides and deoxyribo- 
nucleosides but to open the way to an 
attack on the more complex problems 
presented by the nucleic acids and the 
nucleotide coenzymes (2, 12). Since 
these represent two distinct though in- 
terrelated aspects of nucleotide chemis- 
try, it will be convenient to treat them 
separately in this discussion. 


Nucleic Acids 


It is now well over eighty years since 
the first nucleic acid was isolated by 
Miescher from pus cells. Since that time 
it has become clear that they are essen- 
tial constituents of all living cells, com- 
monly occurring in association with pro- 
teins in the so-called nucleoproteins 
among which are numbered many viruses 
and enzymes, and that they are among 
the most complex of all the substances 
occurring in living matter. Over the 
years many early misconceptions have 
been removed, and it is now recognized 
that the number of individual nucleic 
acids is large and that all so far discov- 
ered belong to one or the other of two 
types—the ribonucleic acids and the de- 
oxyribonucleic acids, the former yielding 
on hydrolysis p-ribose and the latter 
2-deoxy-p-ribose. 

The general nature of the nucleic 





acids is indicated by their behavior on 
hydrolytic breakdown, when they yield 
simple nucleotides which can be hydro- 
lyzed further to give nucleosides and 
phosphoric acid in equimolecular pro- 
portions. The nucleic acids are thus to 
be regarded as polynucleotides in which, 
as Levene and Simms (13) showed, in- 
dividual nucleotides are linked one to 
the other through phosphodiester groups; 
pyrophosphate and ether linkages are ab- 
sent. Although the nucleic acid mole- 
cules are very large—molecular weight: 
may be as high as several million in 
some cases—the number of individual 
nucleosides involved in them is surpris- 
ingly small. Indeed, from the ribonucleic 
acids in general four nucleosides are ob- 
tained—adenosine, guanosine, uridine, 
and cytidine—although recently there 
have been reports of trace amounts of 


one or two other nucleosides in certain - 


individual acids, Deoxyribonucleic acids 
yield four main nucleosides—deoxyaden- 
osine, deoxyguanosine, deoxycytidine, 
and thymidine—but at least two others, 
5-methyl- and 5-hydroxymethyldeoxy- 
cytidine, are also of fairly frequent 
occurrence. Knowing from our intial 
studies the complete structure of the nu- 
cleosides, the outstanding problem in nu- 
cleic acid chemistry was the precise loca- 
tion of the internucleotidic linkage (14): 

Until 1949 it was believed that alka- 
line hydrolysis of ribonucleic acids 
yielded only four simple nucleotides, 
which, mainly on evidence adduced by 
Levene, some of which we now know 
to have been of doubtful validity, were 
regarded as the 3’-phosphates of the re- 
spective nucleosides. On this basis it was 
not at all easy to provide a rational 
polynucleotide structure. In 1949, how- 
ever, Cohn began to apply the tech- 
nique of ion-exchange chromatography 
to alkaline hydrolyzates of ribonucleic 
acids, and he showed that they contained 
not four, but eight, nucleotides made up 
of four pairs of isomeric nucleotides, 
each pair derived from one of the four 
nucleosides; these pairs he described 
originally as the a and b nucleotides— 
that is, there were adenylic acid a and 
adenylic acid b, uridylic acid a and 
uridylic acid b, and so forth. By a for- 
tunate coincidence this work was car- 
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Fig. 2. Mechanism of hydrolysis of the monoesters of the 2’- and 3’-nucleotides. 
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ried out at much the same time as we 
were carrying out the synthesis of the 
individual ribonucleotides, and it soon 
became clear that the a and b nucleo- 
tides were, in fact, the 2’- and 3’-phos- 
phates of the respective nucleosides, al- 
though at the time we were unable to 
say with any certainty which was the 
2’- and which the 3’-derivative. It will 
simplify our story if I say here that we 
were able later to establish firmly that 
Cohn’s a nucleotides are the 2’-phos- 
phates and his b nucleotides the 3’-phos- 
phates of the respective nucleosides, but 
the reasons for our inability to differen- 
tiate them immediately are at once in- 
teresting and of profound significance for 
the understanding of nucleic acid struc- 
ture and behavior, and have had wide 
repercussions in other areas of phosphate 
chemistry. 

Our early attempts to prepare 2’- or 
3’-nucleotides individually by phosphory- 
lation of ribonucleoside derivatives failed 
partly because of difficulties in group 
protection but more particularly because 
of phosphoryl migration which always 
led to mixtures of the 2’- and 3-‘isomers 
being obtained. Although stable in alka- 
line solution, either pure isomer is con- 
verted in acid solution by phosphoryl 
migration into an equilibrium mixture 
of the two, probably by way of a cyclic 
intermediate. Even more interesting is 
the behavior of monoesters of the 2’- and 
3’-nucleotides. Normally phosphodiesters 
are remarkably stable toward alkali, but 
these esters are not. They hydrolyze 
readily in dilute aqueous alkali, yielding 
always a mixture of both isomeric nu- 
cleotides. The mechanism of this hydrol- 
ysis is, we believe, that pictured in Fig. 
2 (only the 2’- and 3/-positions of the 
sugar residue are shown since the rest 
of the molecule is irrelevant to our ar- 
gument). 

It should be noted that the over-all 
reaction as indicated in Fig. 2 is a two- 
stage process; the first is formation of 
the cyclic phosphate with simultaneous 
expulsion of the group R, and the sec- 
ond the hydrolysis of the cyclic phos- 
phate in either of two ways to give a 
mixture of nucleotides. It may also be 
mentioned that the cyclic phosphates 
have indeed been isolated as first prod- 
ucts in the above hydrolysis and have 
also been prepared synthetically and 
shown to have the expected properties. 
This interesting behavior is, of course, 
not confined to the esters of the 2’- and 
3-nucleotides; it is indeed observed in 
all phosphodiesters where a hydroxyl oc- 
curs cis to the phosphate group on the 
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Fig. 3. Hydrolytic breakdown of a ribonu- 
cleic acid with alkali. 


vicinal carbon atom. An analogous be- 
havior is shown, for example, by the 
monoesters of the glycerophosphoric 
acids. But it is of particular relevance 
to an understanding of nucleic acid be- 
havior, for, if in the abbreviated formula 
of the nucleotide ester used in Fig. 2 the 
group R represents a_ polynucleotide 
chain, then the analogy with ribonucleic 
acid itself becomes clear. The scheme 
shown in Fig. 3 (in which the expres- 
sion “Base—C,,—C,,—C,.” is used to 
represent a ribonucleoside residue, 2’, 
3’, and 5’ being the only possible points 
of attachment of phosphate) represents 
our view of the hydrolytic breakdown of 
a ribonucleic acid with alkali to give 
exclusively a mixture of the 2’- and 3’- 
phosphates of the ribonucleosides. 

This theory of hydrolytic bre2kdown 
provides a simple explanation for the 
fact that ribonucleic acids yield simple 
nucleotides with alkali, no larger frag- 
ments being obtained, and also explains 
why, in contradistinction to ribonucleic 
acids, the deoxyribonucleic acids are 
alkali stable; lacking the vicinal hy- 
droxyl group on C,, the latter com- 
pounds show the normal stability of 
simple diesters of phosphoric acid. On 
these considerations, coupled with cer- 
tain other evidence, Brown and I (1/5) 
postulated both types of nucleic acids as 
3’:5’-linked polynucleotides. All subse- 
quent work has confirmed this view of 
their structure and it is today generally 
accepted. The main evidence as now 
available may be briefly summarized for 
the two types of nucleic acid as fol- 
lows. 

Ribonucleic acids. Ribonucleic acids 
are unstable to alkali, yielding simple 
nucleotides; the cyclic phosphates pos- 
tulated as intermediates have been in 





fact isolated. Enzymic hydrolysis (snake 
venom) shows the participation of C,) 
in the internucleotidic linkage. Studies 
of the action of ribonuclease and spleen 
nuclease on the cyclic 2’:3’-phosphates 
of nucleosides and on esters of 2’- and 
3’-nucleotides show that only C,, is in- 
volved in the internucleotidic linkage. 
This is supported also by the behavior 
of synthetic dinucleoside phosphates 
(5’:5’, 2’:5’ and 3’:5’) toward chemi- 
cal and enzymic hydrolysis. 

Deoxyribonucleic acids. Deoxyribonu- 
cleic acids are stable to alkali; hydrol- 
ysis by appropriate enzymes can yield 
3’- or 5/-nucleotides. Acid hydrolysis 
yields inter alia pyrimidine nucleoside 
3’:5’-diphosphates. Moreover, dithymi- 
dine-3’:5’-dinucleotide occurs in digests 
of deoxyribonucleic acids and‘ has been 
identified with a synthetic specimen 
(16). 

It seems probable that the nucleic 
acids are linear rather than branched 
polyesters. This is certainly true of iso- 
lated deoxyribonucleic acids, since only 
branching on phosphorus is theoretically 
possible, and such branching points in- 
volving phosphotriester linkages would 
not have the necessary alkali stability. 
In the case of ribonucleic acids we have 
shown that branching on phosphorus is 
incompatible with stability requirements, 
but chain branching on C,, of the sugar 
residue of the nucleoside remains a 
theoretical possibility although no ex- 
perimental evidence for its occurrence in 
any ribonucleic acid has yet been ad- 
duced. 

Since the essential difference between 
individual nucleic acids must reside in 
the different sequence of ‘nucleoside resi- 
dues in them, methods for sequence de- 
termination are clearly of importance 
for further work. Studies on this prob- 
lem have not been encouraged by the 
fact that, as yet, no truly homogeneous 
nucleic acid preparations have been 
made, but we have devised one method 
for stepwise degradation which has been 
shown to be effective for oligonucleo- 
tides (17) and may be capable of ap- 
plication to ribonucleic acids themselves. 

As yet chemical synthesis in the poly- 
nucleotide field is in its infancy. Unam- 
biguous syntheses of dinucleoside phos- 
phates and of at least one dinucleotide 
have been realized, and a start has been 
made using, essentially, mixed anhy- 
dride methods to develop polycondensa- 
tion methods suitable for rapid polynu- 
cleotide synthesis. The increased activ- 
ity now evident in this field, both in my 
own laboratories and in those of my 
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former students and colleagues, encour- 
ages me to predict rapid advances in 
this important aspect of nucleic acid re- 
search. 

Space does not permit me to pursue 
this topic further and to trace how the 
chemical information discussed above 
has been combined with the results of 
x-ray and other studies to build up cur- 
rent views on the macromolecular struc- 
ture of the deoxyribonucleic acids. Suf- 
fice to say that the double helical 
structure of the DNA molecule adum- 
brated first by Watson and Crick (/8) 
on these foundations bids fair to open a 
new era in molecular biology. For it 
offers clues to the significance of nucleic 
acids in the transmission of hereditary 
characteristics and, taken in conjunction 
with our greater understanding of the 
properties and reactions of organic phos- 
phates, it permits an approach to a 
closer understanding of the role of nu- 
cleic acid in cellular processes. 


Nucleotide Coenzymes 


The term nucleotide coenzyme is ap- 
plied to a large and growing group of 
substances which are vital components 
of many enzyme systems involved in met- 
abolic processes (19). These substances 
function in association with specific pro- 
teins or apoenzymes, the complete en- 
zyme system being made up of the 
combination apoenzyme + coenzyme (von 
Euler). Historically, the first member of 
the group is cozymase or diphosphopyri- 
dine nucleotide (DPN) whose existence 
was recognized in 1906 by Harden and 
Young, although it was not in fact iso- 
lated in a pure state until 1936 (von Euler 
and Schlenk); it functions as coenzyme 
in a group of oxidation-reduction en- 
zymes belonging to the pyridinoprotein 
group. Other examples are flavinadenine 
dinucleotide (FAD), found in many 
flavoproteins, adenosine triphosphate 
(ATP), acting as a cophosphorylase and 
also as a provider of the energy used in 
muscular contraction, and many others. 
All known members of the group belong 
to one or other of two types: (i) mono- 
esters of polyphosphoric acids in which 
the esterifying group is a nucleoside de- 
rivative or (ii) unsymmetrical P1P2-di- 
esters of pyrophosphoric acid in which 
at least one of the esterifying groups is 
a nucleoside derivative. Adenosine tri- 
phosphate (III) (Fig. 4) is an example 
of type i and cozymase or DPN (IV) 
(Fig. 5) of type ii. 

An examination of structures III (Fig. 
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Fig. 4. Adenosine triphosphate. 


4) and IV (Fig. 5) at once reveals the 
three basic problems of nucleotide coen- 
zyme synthesis: (i) the synthesis of nu- 
cleosides, (ii) the phosphorylation and 
polyphosphorylation of nucleosides, and 
(iii) the linkage of dissimilar molecules 
one to another by pyrophosphate resi- 
dues. Of these problems, solutions to i 
and to the simple phosphorylation part 
of ii were available to us from the work 
I have already described. Here I shall 
discuss only the synthesis of polyphos- 
phates and of unsymmetrical diesters of 
pyrophosphoric acid leading to actual 
coenzyme synthesis. 

Starting from our most frequently used 
phosphorylating agent, the simplest and 
most direct route to pyrophosphates is 
the reaction between dibenzyl phosphoro- 
chloridate and the salt of a phosphodi- 
ester. With the variety of procedures 
open to us for partial or complete re- 
moval of benzyl groups, the scheme 
shown schematically in Fig. 6 can give 
not only monoesters of phosphoric and 
pyrophosphoric acids but also, by simple 
extension, either mono- or diesters of 
polyphosphoric acids in general. 

This simple method of polyphosphate 
synthesis was used by us in the first total 
synthesis of adenosine-5’-pyrophosphate 
(ADP) and _ adenosine-5’-triphosphate 
(ATP) (20). The yields obtained in 
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these early syntheses were usually poor 
for reasons which shortly became appar- 
ent to us as efforts to discover other and 
better procedures increased our knowl- 


edge of the properties and reactions of | 


esters of pyrophosphoric acid. 

Fully esterified pyrophosphates are 
very labile substances. Not only do they 
phosphorylate amines and alcohols but 
they readily undergo exchange reactions 
with other anions. For example, in pres- 
ence of a base, tetraphenyl pyrophos- 
phate reacts with dibenzyl phosphoric 
acid very rapidly even at 0°C to yield 
tetrabenzyl pyrophosphate and diphenyl 
phosphoric acid (21); this reaction is 
clearly a two-stage nucleophilic substi- 
tution, the first stage being formation of 
the unsymmetrical ester P-dipheny]l 
P2-dibenzyl pyrophosphate. The reaction 
appears to be a general one for pyro- 
phosphates and for mixed anhydrides of . 
phosphoric with other acids. In its most 
simplified form we may say that if two 
acids A and B form an anhydride AB, 
then if AB is brought into contact with 
the anion of an acid C, then if A is 
stronger (that is, has a more stable anion) 
than B, and C is weaker than A, we will 
have the reaction 


AB+C— BC+ A. 


It is this reaction that is primarily 
responsible for the low yields obtained 
in the ADP and ATP syntheses just men- 
tioned, for the initial products of reac- 
tion are fully esterified polyphosphates 
and as such they rapidly undergo ex- 
change reactions leading to reduced 
yields and to complex and difficultly 
separable mixtures. This tendency to 
undergo exchange reactions is less evi- 
dent in the partially esterified polyphos- 
phates (which are correspondingly less 
effective phosphorylating agents) and the 
phosphorochloridate method of poly- 
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Fig. 5. Cozymase or diphosphopyridine nucleotide. 
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Fig. 6. Method of polyphosphate synthesis. 


phosphate synthesis can be considerably 
improved if partially esterified phos- 
phates are employed as starting mate- 
rials. By this type of procedure we 
were able to effect total syntheses of 
the coenzymes flavinadenine dinucleotide 
(FAD) (22), uridine-diphosphate-glu- 
cose (UDPG) (23), and uridine-diphos- 
phate-galactose (UDPGal) (22) as well 
as to provide much improved syntheses 
of the nucleoside-5’-polyphosphates. 

The exchange reaction of polyphos- 
phates which I have mentioned above is 
of particular interest because I have no 
doubt that it represents the main reac- 
tion employed in nature for polyphos- 
phate synthesis. Numerous examples 
could be given but one will suffice. The 
enzymic synthesis of FAD from ribo- 
flavin phosphate and ATP described by 
Kornberg (24) is clearly a reaction of 
this type. It is interesting to note that in 
such cases nature appears to use mono- 
esterified polyphosphates whereas in the 
laboratory analogous reactions seem to 
occur readily only with fully esterified 
compounds. Presumably the protein com- 
ponent of the enzyme involved in the 
biological reaction produces an effect on 
the polyphosphates akin to that brought 
about by esterification. This labilizing 
effect of the enzyme protein may well 
be analogous to the labilization of the 
terminal phosphate residue of ATP 
which we have found can be achieved 
by allowing it to form an inclusion com- 
pound with B-cyclodextrin (25) and if 
so it suggests a new approach to some 
of the problems of enzyme action and 
specificity. In the laboratory the ex- 
change reaction, in which fully esterified 
pyrophosphates are used, has not proved 
very useful for coenzyme synthesis since 
the extreme lability of the initially 
formed products makes the reaction too 
difficult to control. 

Quite apart from difficulties caused 
by the occurrence of exchange reactions, 
the phosphorochloridate route has also 
the disadvantage that, where nucleoside 
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phosphorochloridates are employed, pro- 
tection of the sugar hydroxyl groups by 
acylation or alkylation is necessary and, 
moreover, nonhydroxylic solvents must 
be used since phosphorochloridates re- 
act very readily with alcohols and with 
water. We have therefore devoted a 
good deal of effort to developing re- 
agents for synthesizing pyrophosphates 
from phosphates without the need for 
protecting groups and which might be 
used even in presence of water since 
nucleotides are most easily handled in 
polar and particularly aqueous solvents. 
This has meant, in fact, the use of re- 
agents which react with acids to form 
anhydrides more readily than they will 
react with water. 

The first successful reagents of this 
type which we used were the dialkyl and 
diaryl carbodi-imides (RN=C=NR) 
(26). These substances—the one most 
frequently employed has been dicyclo- 
hexyl carbodi-imide—react smoothly 
with mono- and diesters of phosphoric 
acid to yield, respectively, di- and tetra- 
esters of pyrophosphoric acid, and they 
do so even in the presence of moderate 
amounts of water provided that excess 
of the carbodi-imide is employed. The 
reaction goes well both in polar and non- 
polar media and, although the mecha- 
nism has not been studied in detail, the 
first step is almost certainly <n addition 
of phosphate to the carbodi-imide to give 
an adduct of type V (Fig. 7) which is 
then attacked by phosphate anion to give 
a pyrophosphate and the dialkyl urea. 

The over-all reaction is very rapid 
and it has not been possible to halt it at 
the -urea phosphate (V) stage; as a 
result, although the reaction is well nigh 


RNH—C==NR ar gas 
R ) 
mJ ~~ at 
we, 
=o P==0 HO NH, 
Ho~ Ho” 
V VI VII 


Fig. 7. Structures V, VI, and VII. 


ideal for the production of symmetrical 
pyrophosphates, it is less satisfactory for 
unsymmetrical pyrophosphates of the 
nucleotide coenzyme type, since treat- 
ment of a mixture of two different phos- 
phates with a carbodi-imide normally 
gives a mixture of all possible symmetri- 
cal and unsymmetrical pyrophosphates, 
the resolution of which into its compo- 
nents is often a matter of considerable 
difficulty. Despite this defect we have 
used the carbodi-imide reaction to 
synthesize a variety of nucleoside poly- 
phosphates, uridine-diphosphate-glucose 
(UDPG) (27) and most recently to 
effect the total synthesis of cozymase 
(DPN) and of triphosphopyridine nu- 
cleotide (TPN) (28). It is of some in- 
terest to note that in the cozymase syn- 
thesis from nicotinamide nucleotide and 
adenosine-5’-phosphate in which di-cy- 
clohexyl carbodi-imide is used, very 
little di-(nicotinamide nucleoside-5’)- 
pyrophosphate was produced with a cor- 
responding increase in the yield of the 
desired unsymmetrical product (DPN). 
Although the reason for this unexpect- 
edly favorable result is not yet fully un- 
derstood, it may be a characteristic of 
carbodi-imide reactions involving di- 
polar-ionic molecules, since a similar re- 
sult has been obtained by Kennedy 
(29) in his preparation of cytidine-di- 
phosphate-choline. 

In addition to the carbodi-imides, sev- 
eral other reagents have been studied, 
which, although in general somewhat 
less reactive, function in the same way 
and are of practical value in certain 
cases. These reagents include the keten- 
imines, cyanamide, and the dialkylcy- 
anamides. All these share with the 
carbodi-imides the disadvantages of pro- 
ducing mixtures of products when ap- 
plied to unsymmetrical pyrophosphate 
synthesis; the dialkylcyanamides, how- 
ever, are of particular value when it is 
desired to operate in aqueous solvents 
since they are considerably more resist- 
ant to hydrolysis than the carbodi- 
imides (30). 

We have devoted much effort to de- 
vising other reagents and methods for 
pyrophosphate synthesis specifically de- 
signed to produce unsymmetrical esters 
and so to avoid the waste of materials 
and the inconvenience of the carbodi- 
imide method. Of these I shall mention 
only briefly two interesting methods 
which have emerged—the imidoyl phos- 
phate method and the phosphoramidic 
acid method. The first of these employs 
as reagents imidoyl phosphates (for ex- 
ample, VI, Fig. 7) (31) for which sev- 
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eral preparative methods have been de- 
vised. These substances, which bear some 
formal resemblance to the enol-phos- 
phates occurring in nature, react readily 
enough with phosphate anions to give 
pyrophosphates; unfortunately, however, 
in polar media some exchange between 
phosphate and imidoyl phosphate occurs 
and mixed products are again obtained. 
Similarly monoesters of phosphoramidic 
acid (for example, VII, Fig. 7), when 
protonated, react readily with phosphoric 
acids to yield pyrophosphates (31); 
they can be used to excellent effect in 
the synthesis of monesters of polyphos- 
phoric acids (for example, ADP and 
ATP) but once again they yield mixtures 
of symmetrical and unsymmetrical esters 
when applied to the synthesis of diesters 
of pyrophosphoric acid. 

In this field of nucleotide coenzyme 
synthesis, we are thus still seeking an 
ideal method for unsymmetrical pyro- 
phosphate synthesis, although, having 
already developed five distinct types of 
synthetic method, we have reached a 
point at which the synthesis of any co- 
enzyme molecule can be undertaken with 
reasonable certainty of success. Our prac- 
tical interest in the field today lies very 
much in the methods of pyrophosphate 
formation and in the behavior of our 
pyrophosphates and mixed anhydride in- 
termediates. For in the properties of 
such anhydrides lies the secret of many 
biological processes, and it is noteworthy 
that in our search for new methods we 
are in many ways coming closer and 
closer to the methods of nature—not 
only by working in aqueous media but 
also by using in some of our synthetic 
routes intermediates which bear a strik- 
ing resemblance to some of the reactive 
phosphate derivatives such as enol-phos- 


phates which are widespread in living 
organisms. 

Today the nucleotides occupy a promi- 
nent place in chemical, biochemical, and 
biological research, and new vistas are 
opening before us which may in a rela- 
tively short time lead to a far deeper un- 
derstanding of the mechanisms of the 
living cell than seemed possible only a 
few years ago. And this is surely a mat- 
ter of profound importance to humanity 
in its ceaseless struggle against disease. 
We still have far to go, but if, in a 
small way, our chemical researches con- 
tribute to such an understanding then my 
colleagues and I are more than satisfied. 
I specifically include my colleagues in 
this statement, for the work I have at- 
tempted to review would not have been 
possible without the untiring efforts of a 
large number of brilliant and enthusi- 
astic students and co-workers, among 
whom I would mention particularly 
Lythgoe, Baddiley, Atherton, Kenner, 
Michelson, Brown, Clark and Webb. It 
has been a privilege to be associated with 
them and to all of them I owe a deep 
debt of gratitude. 
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Research in Outer Space 


The basic objectives of a continuing program 


of satellite research are outlined. 


Technical Panel on the Earth Satellite Program, 
U.S. National Committee for the IGY, 
National Academy of Sciences 


The International Geophysical Year 
marks the beginning of man’s explora- 
tion of outer space. There have been pre- 
vious rocket firings into the fringes of 
the earth’s atmosphere, but the expanded 
rocket-sounding program on an interna- 
tional scale and the advent of artificial 
earth satellites represent by far the larg- 
est steps taken towards the scientific ex- 
ploration of outer space and the planets. 

The interests of human progress and 
our national welfare now demand that a 
long-term program of space exploration 
be formulated and pursued by the United 
States with the utmost energy. Although 
there will inevitably be benefits of a very 
practical nature from such a program, 
the basic goal of this exploration must 
be the quest of knowledge about our 
solar system and the universe beyond. 

The scientific program proposed here 
has been formulated with the following 
ideas in mind: 

1) The technology of space flight will 
probably develop gradually. Therefore, 
the payloads and distances traveled: will 
be relatively small at first, and the scien- 
tific experiments and observations will 
be correspondingly modest in the early 
stages. 

2) The scientific program should be 
designed to give information at each 
stage which will help in the planning of 
later flights. 

3) Manned space flight will occur in 
the course of the program, but before 
this occurs certain crucial experiments, 
which are aimed specifically at the de- 
sign of a manned vehicle, must be per- 
formed. 

4) In the quest for outer space we 
must not lose sight of the tremendous 
implications which the occupation of 
space will have for life on earth. 

The experimental program proposed 
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in this study. represents concepts and 
views of many scientists but particularly 
those involved in the current IGY satel- 
lite effort. Of the latter group, the Tech- 
nical Panel on the Earth Satellite Pro- 
gram of the U.S. National Committee 
for the International Geophysical Year 
and its three Working Groups have in 
one way or another contributed to the 
thoughts expressed in this article (/). 


Sounding Rockets 


Sounding rockets have provided so 
much information about the upper at- 
mosphere and its effects on incoming 
radiation of various kinds that they will 
continue to be useful in this area. A con- 
tinuing program in which such rockets 
are used should be aimed at determining 
the distribution, in the vertical, of such 
quantities as (i) atmospheric composi- 
tion; (ii) atmospheric pressure, tem- 
perature, and density; (iii) winds in the 
upper atmosphere; (iv) atmospheric 
ionization; (v) the absorption of electro- 
magnetic radiation penetrating the at- 
mosphere and the intensities of sources 
of such radiation in the atmospheric lay- 
ers; (vi) the absorption of cosmic ray or 
solar particles and the secondary effects 
of these particles; (vii) the geomagnetic 
field (also covered in the section on satel- 
lites); (viii) electric current systems in 
the atmosphere; (ix) 
quiring recovery of packages. 

With a sufficiently intense program, it 
will be possible to detect latitudinal, 
diurnal, and seasonal changes of . these 
quantities, and also the ways in which 
they are modified during periods of solar 
activity and magnetic storms. 

Until the techniques for the recovery 
of packages from a satellite have been 


experiments re- 


worked out in more detail and demon- 
strated, there will be a class of experi- 
ments requiring the return of various 
kinds of samples for which the vertical 
rocket is required. These may involve 
(i) film samples: photographs, spectro- 
graphic data, cosmic ray packets, or data 
recordings where the quantity of infor- 
mation is too great to be telemetered 
back to the earth; (ii) biological sam- 
ples. 

Experiments for which sounding rock- 
ets will probably not be suitable in the 
future, with the availability of earth 
satellites of progressively larger pay- 
loads, are solar or astrophysical obser- 
vations, particularly those in which time 
changes are sought. Clearly, a satellite 
vehicle is superior for such observations. 


Earth Satellites 


An earth satellite is considered, for 
these purposes, to be a vehicle which is 
on an orbit controlled primarily by the 
earth’s gravity. Such a vehicle will orbit 
at a distance of something less than 1 
million miles from the earth and with 
insufficient velocity to carry it further. 
Even when the technology of space flight 
has progressed far beyond the ability to 
put satellites on orbit, and vehicles are 
being directed on heliocentric and inter- 
planetary missions, the earth satellite 
will surely continue to be a base for 
fruitful observations. 

Fundamentally, a satellite well outside 
the earth’s atmosphere can be used for 
observation of only three kinds of things 
—namely, photons, particles, and fields. 

The photons, since they represent elec- 
tromagnetic radiation, may range from 
x-radiation and ultraviolet radiation to 





The groups that have participated in the plan- 
ning of the experimental program proposed in this 
study are as follows: Technical Panel on the Earth 
Satellite Program: R. W. Porter (chairman), G. 
M. Clemence, Michael Ference, Jr., Joseph Kap- 
lan, Homer E. Newell, Jr., Hugh Odishaw, W. H. 
Pickering, J. G. Reid (secretary), A. H. Shapley, 
Athelstan F. Spilhaus, James A. Van Allen, Fred 
L. Whipple. Working Group on Internal Instru- 
mentation: James A. Van Allen (chairman), Leroy 
R. Alldredge, Michael Ference, Jr., Herbert Fried- 
man, William W. Kellogg, Hugh Odishaw, R. W. 
Porter, O. H. Schmitt, Lyman Spitzer, Jr. Work- 
ing Group on Tracking and Computation: W. H. 
Pickering (chairman), G. M. Clemence, W. A. 
Heiskanen, J. T. Mengel, J. A. O’Keefe, J. E. 
Steakley, Fred L. Whipple. Working Group on 
Satellite Ionospheric Measurements: A. H. Shap- 
ley (chairman), W. Berning, George Grammer, 
C. Gordon Little, Wolfgang Pfister, J. C. Seddon, 
Ralph J. Slutz, G. W. Swenson, Jr., O. G. Vil- 
lard, Jr., A. H. Waynick, H. W. Wells. 

An earlier study of the panel in this area was 
prepared by R. W. Porter, J. A. Van Allen, H. E. 
Newell, W. W. Kellogg, and Lyman Spitzer, in 
January 1957. The present proposed program, 
based on the earlier report but considerably ex- 
tending the scope of experimental possibilities, was 
prepared by W. W. Kellogg in collaboration with 
the Panel and the Working Group on Internal 
Instrumentation. 
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radio waves. In general, when one is 
dealing with photons coming from re- 
mote sources in the sun or beyond, the 
purpose of a satellite is to observe the 
wavelengths which do not penetrate the 
earth’s atmosphere. This implies that the 
radiation of primary interest is at wave- 
lengths below the ozone cutoff in the 
ultraviolet (about 0.32 microns) and at 
wavelengths above the ionospheric cutoff 
in the radio-wave region (about 30 
meters, or 10 megacycles). Most of the 
radiation in between these limits pene- 
trates the atmosphere and can therefore 
be observed on the ground or from bal- 
loons, except for some important, but 
limited, regions in the infrared where 
water vapor, carbon dioxide, and ozone 
cause absorption. 

In addition to its use in observing these 
highly significant radiations from above, 
the satellite will be of great value in ob- 
serving the earth, its changing cloud pat- 
terns, its infrared radiation, and so on. 

The particles which can be observed 
from a satellite are solid meteoroids of 
various and atomic nuclei with 
great energy emanating from the sun 
and from beyond (auroral particles and 
cosmic rays). Both types of particles are 
of great significance to the development 
of manned space vehicles, for the solid 
particles constitute a hazard to the ve- 
hicle, due to their ability to puncture its 
skin, and the atomic particles may be a 
hazard to the man inside. 


sizes 


The fields which are measurable from 
a satellite are the field of gravity and 
the magnetic field. Gravity is related to 
the masses and shapes of the earth and 
moon, and satellite observations promise 
to improve greatly the precision of our 
knowledge of these quantities. Magnetic 
field measurements not only tell about 
the magnetization of the earth and moon 
but also tell about the electric current 
systems in the vicinity of the earth. 

Since a great deal has already been 
written about the uses of an artificial 
satellite, the experiments discussed be- 
low are presented in outline rather than 
in detail. First are those which could be 
carried out in Vanguard-type satellites— 
a statement based on the assumption that 
such satellites have a growth potential 
in payload to 50 or 75 pounds and that 
there will be a wider choice of orbits 
than there is under the IGY program. 
With larger payloads and more advanced 
techniques, more elaborate experiments 
could be performed—experiments which 
require stable platforms, high transmis- 
sion power, large information bandwidth, 
recovery of packages, and so forth. Fi- 
nally, there will be manned satellites. 
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Light-Weight-Satellite Experiments 


Creation of visible objects. There are 
a number of reasons for wishing to have 
an easily visible satellite. In particular, 
precise determinations of orbit will prob- 
ably be made optically, and it is clearly 
desirable to have a satellite which re- 
flects or emits a considerable amount of 
light. At night, a flashing light with a 
brightness of 10° candle power or more 
would be just visible at a range of about 
1000 miles, provided the duration of the 
flash was about 0.1 second or more, An 
alternative method for making the satel- 
lite visible is by using a large reflecting 
object such as a balloon or erectable cor- 
ner reflector. Such an object, to be seen 
optically or visually, must be near the 
twilight zone of the earth, so that the ob- 
server can see the sunlit reflector against 
a darkened sky. Under such conditions a 
100-square-foot diffuse reflector appears 
like a first-magnitude star at about 200 
miles (if the angle between the sun and 
the observer is just right) and can still 
just be seen by the naked eye at a range 
of about 2000 miles. Naturally, with tele- 
scopes, one can do much better, but one 
must then know ahead of time where to 
look for the satellite. 

With the sort of precise determina- 
tions of orbit which can be obtained with 
optical tracking, it is possible to do a 
number of important things. (i) Air 
drag at high altitudes, from which atmos- 
pheric density can be derived, can be de- 
termined, A possible complication here 
is the effect of an electrostatic charge on 
the satellite and the interactions between 
this charge, the ions present in the iono- 
sphere, and the earth’s magnetic field. 
(ii) Geodetic measurements on the size 
and shape of the earth can be made. (iii) 
Lunar mass can be measured from ob- 
servation of satellites whose orbits pass 
near the moon. (iv) Ion densities can be 
determined when data from a satellite 
are coupled with certain precision radio 
techniques. 

Total atmospheric thermal and visible 
radiation measurements. A satellite is in 
an ideal position to measure the total 
flux of radiation in and out of the top 
of the atmosphere. The incoming radia- 
tion, being primarily from the sun, is 
largely in the visible part of the spec- 
trum, while the outgoing radiation from 
the atmosphere is infrared radiation plus 
the solar radiation which is scattered and 
reflected upward. These various fluxes 
can be sampled by a set of omnidirec- 
tional bolometers with coatings which 
are designed to absorb selectively a cer- 
tain part of the spectrum. For example, 





a bolometer which is white in the visible 
but black in the infrared beyond about 4 
or 5 microns will respond to the thermal 
radiation from the earth and atmosphere, 
while one with the reverse spectral char- 
acteristics will measure the direct and 
reflected sunlight. Further, a directional 
detector of visible radiation pointed to- 
ward the sun would, of course, monitor 
the incoming solar radiation alone. 
(Such a scheme is included in one of 
the IGY earth satellites.) 

The purpose of this set of measure- 
ments is to determine the radiational 
heat budget of the earth and atmos- 
phere. It is known that an excess of ra- 
diational energy is added to the atmos- 
phere in low latitudes and that there is 
generally a net loss of energy from the 
polar regions. An understanding of this 
energy imbalance is basic to an under- 
standing of the general circulation of the 
atmosphere. Furthermore, such a set of 


radiation measurements, provided that — 


there were a reasonably fast response, 
would give a rough indication of the 
thermal inhomogeneity of the atmos- 
phere and earth. It is likely that a meas- 
ure of this inhomogeneity would pro- 
vide an indication of the strength of the 
cyclonic and anticyclonic circulation. 
During periods of strong meridional 
transport of energy by the atmosphere 
there are rapid migrations, north and 
south, of warm and cold air masses, and 
these could probably be distinguished by 
their thermal characteristics. 

Mapping of the cloud cover. On the 
sunlit side of the earth the contrast, in 
the visible and near-infrared, between 
clouds and ground or open water is con- 
siderable, and it has been demonstrated 
dramatically by the use of rocket and 
balloon photography that the existing 
weather can be traced by the large-area 
cloud patterns. These cloud patterns can 
be determined from a satellite by various 
means. A first approach, in which the 
scanning of the surface by photocells is 
performed by the uncontrolled rotation 
of the satellite, is being developed for 
the IGY program. In this case the recon- 
struction of the picture is complicated, 
however, and the data-handling capacity 
of the telemetering link places an upper 
limit on the amount of coverage and the 
degree of resolution. 

The purpose of such an observation 
would be to show the cloud patterns over 
a large area of the earth with a degree of 
completeness not obtainable with present 
surface observation networks. For re- 
search in meteorology, this will throw 
new light on the way in which storm 
systems start and develop, on the broad 
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pattern of flow, on the effects of moun- 
tain barriers, and so on. If techniques 
are refined to the point where the ob- 
servations can be made available to 
meteorologists immediately, this would 
represent one of the greatest advances 
ever made in the gathering of meteoro- 
logical data and would surely improve 
short-term forecasting and the predic- 
tion of hurricanes. 

Mapping of the night airglow and 
aurorae. The upper atmosphere in the 
70- to 150-kilometer region continu- 
ously emits ultraviolet, visible, and infra- 
red radiation. In middle and low lati- 
tudes this emission, called the “night 
airglow,” is relatively steady but displays 
moving patterns. As is well known, the 
aurorae of the polar regions are tremen- 
dously variable. A world-wide survey, on 
the dark side of the earth, of this radia- 
tion, made in the general manner of the 
cloud-cover experiment but with greater 
sensitivity and less angular resolution, 
would provide a map of the activity of 
the emitting layers. The brightest lines 
of the upper air emission spectrum are 
the familiar 5577- and 6300-angstrom 
lines of atomic oxygen, the 5893-ang- 
strom doublet of sodium, the OH bands 
in the ultraviolet and infrared, and the 
O, “atmospheric bands” in the infrared. 
The last mentioned may be the brightest 
of all when observed from outside the 
atmosphere, 

The airglow and aurorae present mov- 
ing, complex patterns which must be re- 
lated to the meteorology of the 70- to 
150-kilometer region. A map of the emis- 
sion in various wavelengths, from the 
ultraviolet into the infrared, would 
therefore be an invaluable aid in the 
study of the behavior of this important 
part of the atmosphere. It is significant 
that changes in solar emission are un- 
doubtedly first signaled by changes in the 
circulation patterns in this same region 
of the atmosphere and that these changes 
probably then work downward to affect 
the lower atmosphere. 

Time fluctuations of solar ultraviolet 
and x-radiation. Solar ultraviolet and 
x-ray intensities are quite variable and 
appear to depend greatly on solar ac- 
tivity. Both x-rays and the ultraviolet are 
enhanced during a solar flare, in some 
wavelength regions by an order of mag- 
nitude or more. These fluctuations have 
corresponding effects in the earth’s at- 
mosphere. Increased output of hard 
x-rays, for example, causes a pronounced 
D-layer and an associated interference 
with radio communications. An increase 
in the intensity of near-ultraviolet solar 
light could contribute to the marked 
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temperature excursions that have been 
noted in the ozone layer, and such tem- 
perature excursions undoubtedly interact 
with the surrounding wind patterns. 

Since solar ultraviolet light and x-rays 
have such a pronounced effect on the 
atmosphere, and since their fluctuations 
are associated with important related 
effects, it should be very fruitful to 
monitor these solar wavelengths over a 
long period of time, say for a year, for 
the purpose of correlating the ultraviolet 
and x-ray intensity-time curve with 
weather, radio propagation, the iono- 
sphere, airglow, winds, and so forth. Be- 
cause these solar radiations are absorbed 
by the atmosphere, the logical place to 
monitor them is from above the appre- 
ciable atmosphere. This could be done 
from an artificial satellite orbiting en- 
tirely above 200 miles of altitude. By 
the use of suitable windows and gas fill- 
ings, photon counters and _ ionization 
chambers can be constructed to respond 
only to radiation within a restricted 
band. (Such a photon counter, sensitive 
to Lyman-alpha radiation, is to be flown 
on an early IGY satellite.) With such 
detectors, various bands from the near- 
ultraviolet down to the hard x-rays could 
be monitored. Payloads on the order of 
50 pounds should be adequate to permit 
coverage of a number of important wave- 
length bands in a single installation hav- 
ing indefinite duration of operations. 

Distribution of hydrogen in space. The 
density of hydrogen in interplanetary 
and interstellar space has been a subject 
of much interest and speculation. On the 
basis of astrophysical observations, the 
current estimate is about 1000 atoms 
per cubic centimeter in interplanetary 
space and about 1 atom per cubic centi- 
meter in interstellar space, but the basis 
for these estimates is uncertain. 

The density of hydrogen in space 
could be determined by observing the 
hydrogen Lyman-alpha radiation re- 
ceived from space and comparing it with 
direct solar Lyman-alpha radiation. Hy- 
drogen ions in space would emit a more 
or less steady background of Lyman- 
alpha radiation as they captured elec- 
trons. Hydrogen atoms would fluoresce 
under irradiation by solar Lyman-alpha 
radiation, and this fluorescence would 
fluctuate directly with the solar curve. 
By analyzing the total intensity of Ly- 
man-alpha radiation into the steady and 
solar-dependent components, one could 
determine the relative densities of hy- 
drogen ions and atoms. With suitable 
calibration, the absolute densities could 
be determined. 

The ionization chambers to be used 








to study solar Lyman-alpha radiation 
from an IGY satellite could also be used 
as the detectors for the hydrogen density 
experiment. 

A valuable refinement of this type of 
observation would be the measurement 
of the contour of the Lyman-alpha line 
with high resolution. For this purpose, 
possibly, a very high order of reflection 
from a ruled grating combined with pho- 
toelectric scanning would be used. With 
such a technique it would be possible to 
obtain a resolution of a few hundredths 
of an angstrom, which is adequate to re- 
veal the existence of an absorption core 
in the center of the line. Continuous 
measurements of this type from the satel- 
lite would reveal any temporal variation 
in the depth of the core of the line, and 
such measurements could give informa- 
tion about variations in the total neutral 
hydrogen content in the space between 
the satellite and the sun, and about the 
temperature of interplanetary hydrogen. 

Survey of celestial sources in the far 
ultraviolet. Exploratory measurements 
made with rockets reveal a picture of 
stellar magnitudes in the far ultraviolet 
very different from that in the visible. 
Not only do the stellar emissions show 
anomalies in the ultraviolet but intense 
emission from ionized gas clouds has also 
been observed. 

A satellite equipped with ionization 
gauges or photon counters with high sen- 
sitivity and restricted view could scan 
the sky with better aspect control than 
is possible with rockets and would pro- 
vide a rough map of the ultraviolet “hot 
spots.” Subsequent satellites with better 
orientation control could then survey 
these sources in more detail. 

Extragalactic light. Among the many 
radiations which strike the top of the 
earth’s atmosphere, the light from 
sources beyond our own galaxy is one of 
the most interesting, insofar as it contrib- 
utes to our understanding of the astro- 
physical nature of the universe. The in- 
tensity of this extragalactic radiation is 
already known to be quite weak in com- 
parison with the light from our own 
galaxy, and its spectral character is 
known to be heavily shifted to the red. 
These facts alone are subject to an im- 
mediate cosmological interpretation— 
namely, the expanding nature of the uni- 
verse. 

The hypothesis of the expanding uni- 
verse can be submitted to a more specific 
test by detailed measurements of the 
spectrum of extragalactic light and by 
determination of the distribution of its 
intensity with respect to galactic lati- 
tude. 
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It is impossible to make such obser- 
vations with ground-based or balloon- 
borne apparatus because of the great 
overburden of other radiations originat- 
ing in the earth’s upper atmosphere. One 
might suppose that they could be made 
with vertically fired rockets which sur- 
mount the major emitting layers of the 
atmosphere, but the intensity is judged 
to be so weak that the several minutes 
of a rocket’s flight provide an inadequate 
period of time for significant measure- 
ment. A satellite, with its flight of longer 
duration, appears to be necessary for the 
accumulation of significant data. 

The proposed apparatus consists of 
several photoelectric 
telescopes equipped with a variety of 
spectral filters—all operating in the visi- 
ble region of the spectrum. This experi- 
ment seems properly classified as an ex- 
ploratory one. Results are not assured, 
but if they are obtained they will be of 
very far-reaching and profound signifi- 
cance. 

Cosmic ray observations. The objec- 
tives of a cosmic ray experiment would 
be: (i) to make comprehensive obser- 
vations on the total intensity of the cos- 
mic radiation as a function of latitude, 
longitude, altitude, and time; (ii) to de- 
termine whether the nuclei of lithium, 
beryllium, and boron are present in the 
primary cosmic ray beam and, if they 
are present, to measure their intensities; 
and (iii) to study, as in (i), the intensity 
of the heavy nuclei separately from the 
total intensity. Interpretation of the re- 
sults of (i) and (iii) should yield a cru- 
cial test of the theory of the deflection of 
charged cosmic ray particles approach- 
ing the earth through the geomagnetic 
field and should yield new information 
on the nature and importance of inter- 
planetary magnetic fields. The data of 
(ii) should settle one of the leading 
questions on the astrophysical origin of 
cosmic rays and on their propagation to 
the earth. The data from (i) and (iii) 
should provide a greatly improved un- 
derstanding of the systematic and spo- 
radic fluctuations of the primary radia- 
tion, the astrophysical causes of these 
fluctuations, and their consequences, as 
reflected in the rate at which secondary 
cosmic ray phenomena occur within the 
atmosphere. A_ special question is 
whether the solar sources of cosmic rays 
yield the same distribution of nuclear 
species as the usual primary beam. 

Primary auroral particles. The polar 
aurorae (“northern lights” and “south- 
ern lights”) are caused by the interaction 
of energetic charged particles with the 
upper atmosphere. Due to their charges, 
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high-sensitivity, 


these particles are deflected by the 
earth’s magnetic field and are focused on 
the polar regions. It has been established 
that the intensity of these streams of 
auroral particles changes rapidly, ap- 
parently as a result of changes in the sun. 

In order to observe these particles it 
would be necessary to have a satellite on 
a high-inclination orbit, since the flux is 
concentrated toward the poles. By means 
of simple satellite-borne detectors it will 
be possible to map out the impact zones 
of the primary auroral particles on the 
top of the earth’s: atmosphere and to 
observe their changes (local and world- 
wide) with time to a degree not ever 
likely to be approached by ground ob- 
servatories. It will be possible to com- 
pare rapidly the northern and southern 
zones of incidence and to study efficiently 
the ways in which the position and con- 
figuration of these zones are influenced 
by and correlated with geomagnetic field 
disturbances. 

The temporal variations of the inci- 
dence of auroral radiations can be com- 
prehensively correlated with observable 
activity on the sun to an extent not pres- 
ently conceived to be possible by any 
other method. In addition, the nature of 
the primary auroral radiations (that is, 
protons, electrons, heavy particles, and 
so on) can be comprehensively studied, 
as can their intensities and energy spec- 
tra. A comparison of these data with 
those from ground observatories should 
be very fruitful in establishing the physi- 
cal processes which are induced in the 
earth’s atmosphere. 

These auroral observations are closely 
related to observations of the geomag- 
netic field. Indeed it would be desirable, 
in order to obtain mutually supporting 
sets of data, to have two satellites aloft 
simultaneously—one carrying a magne- 
tometer and the other carrying auroral 
radiation detectors. Eventually it may 
be possible to have a single satellite 
carry both types of apparatus. 

Micrometeorites. There are various 
estimates of the number of micrometeor- 
ites striking the earth’s atmosphere, but 
few actual measurements. For the IGY 
it is planned to count such particles in 
one or two satellites. The limited instru- 
mentation and limited time of operation 
of the equipment will, however, leave 
unanswered such questions as: What is 
the mass spectrum? What is the energy 
spectrum? What are the fluctuations in 
total intensity? How are these particles 
related to visible meteor showers? By 
use of a satellite capable of operating 
over a period of a year, equipped with 
calibrated microphones, thin diaphragms 





with. photocells to observe punctures, 
electrostatic analyzers, and the like, most 
of these questions could be answered. 

Magnetic field. The earth’s mag- 
netic field is mainly caused by the mag- 
netization of the earth’s mantle and the 
electric currents flowing in its liquid 
core; this main part of the field can be 
quite accurately measured by ground- 
level surveys or aerial reconnaissance. 
However, the variations in this main 
field that are of external origin, amount- 
ing to as much as 7 percent, say, are due 
to a variety of current systems in the 
ionosphere and above. (There are cur- 
rent systems induced in the earth also, 
but these are presumably secondary 
effects caused by phenomena at great 
altitudes.) A major source of geomag- 
netic variations are the direct current 
systems in the lower part of the E-region, 
which are below the satellite altitudes. 
However, at much greater distances, per- 
haps an earth radius or more, there may 
be another highly variable current sys- 
tem known as the “ring current.” 

With a satellite-borne magnetometer 
flying over a monitoring magnetometer 
on the ground, the two making simul- 
taneous measurements of the magnetic 
field, it is possible to determine the hori- 
zontal flow of current between the 
ground and the satellite. The same tech- 
nique can be used with two satellite 
magnetometers as they pass over each 
other. Thus, it is possible to map the 
electric current systems out through the 
region of the ring current. 

The use of vertical rockets to do this 
same thing has already been mentioned. 
In some ways a rocket is superior to a 
satellite for magnetic measurements, 
since it can make a vertical profile from 
the ground up, and thereby determine 
where the electric currents lie. How- 
ever, these currents are highly variable, 
and a satellite makes it possible to de- 
termine how they vary in time, how they 
are related to solar activity, and how 
they may vary in the horizontal. The 
ideal approach would be to use rockets 
and satellites in combination, thereby 
obtaining a more complete map of the 
geomagnetic field in three dimensions 
and in time. 

Ionospheric observations. The ionized 
layers of the ionosphere (D, E, F,, F,) 
generally lie at altitudes of between 80 
and 300 or 400 kilometers. They are 
therefore mostly below the altitude of 
the satellite. A number of effective 
methods have been suggested for meas- 
uring the total free electron density be- 
tween the satellite and the ground, one 
being a measure of the difference be- 
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tween the angle of incidence of the radio 
tracking signal and the optical line-of- 
sight as the satellite passes over a track- 
ing station. The difference is very small 
and barely measurable for the radio fre- 
quencies best suited for tracking and 
telemetering. In order to insure accu- 
rate tracking, the USNC-IGY satellites 
transmit primarily at 108 megacycles. 
However, a 40-megacycle transmission is 
also planned for some USNC-IGY satel- 
lites (one of the frequencies used in the 
Soviet satellites), and at this lower fre- 
quency. more bending and dispersion of 
the radio waves will occur. The use of 
some of the techniques of radio astron- 
omy would be appropriate for measur- 
ing this effect. The transmission of two 
or more frequencies simultaneously would 
give added meaning to the results. An- 
other observation yielding total electron 
densities is the rotation of the plane of 
polarization of the radio wave, due to 
the Faraday effect. Such an observation 
requires the use of a high-gain antenna 
with a dipole, to sense the plane of 
polarization, and a knowledge of satel- 
lite orientation. 

Another class of radio ex- 
periments would make use of the satel- 
lite as a known source of radiation to 
measure certain aspects of the fine struc- 
ture of the ionosphere. It is observed that 
radio stars fluctuate, and these fluctua- 
tions are in part due to ionospheric in- 
homogeneities of various sorts, some of 
which are in the E-region and some in 
the F-region. A satellite would permit 
these horizontal inhomogeneities (some- 
times known as “ionospheric lenses”) to 
be mapped, both in the horizontal and 
in the vertical. Since the satellite may at 
times be in or below the F-region, it will 
be possible to separate out the various 
effects of the two regions of inhomoge- 
neity, An especially interesting aspect of 
the irregularities in ionization of the 
upper atmosphere is the pattern of the 
auroral clouds, streamers, draperies, and 
so on, which extend from the E-region 
upward to great heights. These patterns 
are marked by visual radiation, as is well 
known, but they are also regions of in- 
tense local ionization. The radio signal 
from a satellite in the auroral zone would 
be influenced by the auroral ionization, 
and presumably a study of the fluctua- 
tions would tell a great deal about the 
character and distribution of the ioniza- 
tion in this region. 

It should be borne in mind that the 
gross structure of the ionized layers can 
be measured from the ground continu- 
ously with ionospheric recorders, and 
that the general features of the iono- 
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sphere are already quite well understood. 
Furthermore, as was pointed out above, 
the fine structure of the ionospheric lay- 
ers can probably best be determined 
by a rocket which penetrates rapidly 
through the ionosphere, recording suc- 
cessive changes in “radio depth” as it 
goes. However, it is certain that valu- 
able ionospheric experiments can be 
made by means of satellite radio trans- 
missions, and the experiments described 
above will be possible with any satellite 
which provides a more or less steady 
signal with stable frequency and known 
polarization. . 

To date, no experiment has been pro- 
posed which can measure the free elec- 
tron distribution above the top of the 
ionosphere from a single satellite with- 
out serious difficulties due to the domi- 
nant effects of inhomogeneities in the 
ionosphere itself and uncertainties in the 
orbit, which tend to mask any second- 
effects at the satellite altitude. 
However, the distribution of free elec- 
trons above the ionosphere would be 
of great significance. The use of two 
satellites, with a two-frequency trans- 
mission link between them, offers an ap- 
parently feasible solution. Another pos- 
sible technique would be the use of a 
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miniature-sweep frequency ionospheric 
sounder in the satellite, directing its 
pulses downward. 

Biological experiments. Biological ex- 
periments should be instituted at the 
earliest opportunity in the satellite pro- 
gram, since they will be crucial to the 
eventual attainment of manned space 
flight. There appear to be two main 
areas of concern: the biological effects 
of prolonged exposure to the radiation 
in space (cosmic rays and the various 
solar emissions), and the subtle and 
complicated effects of prolonged weight- 
lessness. 

With regard to the first, a program of 
exposure of biological samples and live 
animals to cosmic radiation at high alti- 
tude in balloons has been under way 
for some time, and at the altitudes at- 
tainable by balloons (over 100,000 feet) 
the cosmic radiation is essentially the 
same as at satellite altitudes. There are 
other kinds of radiation, such as solar 
ultraviolet and x-rays, which do not 
penetrate to balloon altitudes, but these 
can be reproduced conveniently in a 
laboratory. Thus, the use of a satellite 
for the study of radiation effects on bio- 
logical specimens does not appear to be 
very rewarding. 

For the study of prolonged weightless- 
ness, on the other hand, there is no 
known substitute for a vehicle floating 





freely in space. Biological specimens and 
live animals have been successfully flown 
and recovered from high-altitude rock- 
ets, having been exposed for a few min- 
utes to a situation of weightlessness. The 
second Soviet satellite carried a dog, 
thereby lengthening the duration of the 
period of weightlessness ad mortuum. 
The USNS-IGY satellite program in- 
cludes a biological sample (yeast). These 
first attempts to study weightlessness will 
have to be greatly expanded in the fu- 
ture. 


Advanced Satellite Experiments 


Selective and directional thermal radi- 
ation measurements. Since certain con- 
stituents of the atmosphere, such as 
water vapor, ozone, and carbon dioxide, 
have strong absorption lines in the infra- 
red region of the spectrum, a detector 
looking downward which is sensitive 
only in these regions does not “see” the 
earth’s surface. Instead, it detects the 
radiation emitted upward from the up- 
per levels of the constituent, the radia- 
tion from the layers below having been 
absorbed by the atmosphere. Thus, for 
example, a detector looking down at 
around 9.6 microns (in a strong ozone 
band) would receive the thermal emis- 
sion from the top of the ozone region at 
about 10 to 30 kilometers of altitude; a 
detector looking down at around 6 mi- 
crons (in a strong water-vapor band) 
would receive the emission from the top 
of the troposphere at 8 to 10 kilometers, 
above which there is relatively little 
water vapor. A quantitative measure- 
ment of the thermal radiation in one of 
these narrow spectral intervals gives a 
measure of the temperature (and, to a 
second order, density) of the emitting 
layer. A more detailed analysis of the 
variation of this emission with zenith 
angle can give the vertical distribution 
of temperature in the emitting layer. 
This experiment would require great de- 
tector sensitivity and a considerable de- 
gree of orientation control, particularly 
for the measure of the “limb darkening” 
just described. To be most meaningful, 
the record for an entire satellite circuit 
should be complete, probably requiring 
storage of data and retransmission over 
a telemetering station. 

The purpose of such a set of measure- 
ments would be to map the effective 
temperature of various layers high in the 
atmosphere. Some of these layers are in- 
accessible to conventional sounding bal- 
loons, and even those which are acces- 
sible can only be sampled at a few 
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points. As meteorologists have’ obtained 
progressively more information about the 
synoptic conditions in the ‘upper atmos- 
phere (using balloons and occasional 
rockets, to date), they have gained more 
insight into the behavior of the atmos- 
phere, and their ability to forecast the 
weather has gradually improved. How- 
ever, balloons cannot penetrate the part 
of the atmosphere which is affected by 
solar ultraviolet radiation below about 
0.3 micron (the ozone cutoff). It seems 
reasonably certain now that short-term 
changes in solar radiation have an im- 
mediate effect on parts of the upper at- 
mosphere and that these effects propa- 
gate slowly downward in a complicated 
and as yet unexplained way. A synoptic 
satellite observation of the kind described 
would probably provide a direct meas- 
urement of the immediate effects of a 
solar disturbance on the thermal struc- 
ture of the atmosphere. It would, there- 
fore, be a key to the development of a 
physical basis for long-range ‘weather 
prediction. 

Selective and directional ultraviolet 
and x-ray measurements. As already 
pointed out, ultraviolet and x-radiation 
from the sun below about 3000 angstroms 
does not reach the surface, but is absorbed 
and scattered by various constituents of 
the upper atmosphere. In some wave- 
lengths this radiation is absorbed in a 
relatively limited region. Thus, if one 
scanned the sunlit atmosphere from 
above, using a number of ultraviolet de- 
tectors, one would be able to obtain a 
vertical profile of several of the con- 
stituents. For example, by scanning with 
photon counters sensitive to 1400 to 1100 
angstroms, it is possible to survey the 
vertical distribution of O, from the 100- 
kilometer level to the top of the iono- 
sphere. At around 2500 angstroms one 
could determine the distribution of O, 
below 100 kilometers. Similar measure- 
ments in x-ray wavelengths would moni- 
tor density variations in the E and F, 
regions of the ionosphere. 

These types of measurements have 
been proved in rocket experiments. With 
sufficient payload available, more refined 
spectroscopic surveys of the earth’s at- 
mosphere in the far ultraviolet should 
be possible; with the sun as a light 
source, its attenuation might be meas- 
ured, or characteristic reasonance lines 
of the various constituents studied. 

Astronomical spectrograms. A spectro- 
graph mounted in an artificial satellite 
would be able to photograph the sun, 
planets, and stars completely free from 
interference by the atmosphere, thus ex- 
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tending the sensitivity far into the ultra- 
violet end of the spectrum and permit- 
ting a much more detailed study of these 
bodies than is now possible. 

Spectrographs to do this job are, in es- 
sence, available. Suitable light collectors 
would have to be designed. A pointing 
control would be necessary. Such a con- 
trol could probably be worked out along 
the lines of those now used in rockets, 
with a total weight of less than 30 
pounds. To retrieve the film, it would be 
necessary to work out techniques for re- 
covery of a capsule from the satellite 
orbit (or of the satellite itself); however, 
such techniques have already been pro- 
posed and are considered to be feasible 
within the expected weight limitations. 

An alternative to the recovery of film 
is, of course, the electronic processing 
and telemetering of these observations. 
This is discussed further 
section. 

Ultraviolet photographs of the sun. 
Much of the photochemical and dynam- 
ical activity in the sun is associated with 
the emission of ultraviolet radiation. 
Photographs of the sun in various re- 
gions of the ultraviolet should permit 
localization of regions associated with 
the respective wavelength emissions and 
would be an important aid to under- 
standing solar activity. 

Suitable filters and _ultraviolet-sensi- 
tized films are available for making such 
photographs. If necessary, pointing con- 
trols similar to those already used in 
rockets could be constructed for direct- 
ing a camera at the sun. It would prob- 
ably be desirable (but not necessarily es- 
sential) to recover the film after the pic- 
tures had been taken; however, as indi- 
cated above, it is believed that suitable 
techniques could be developed for the 
recovery operation. 

In this type of experiment the use of 
photoelectronic recording and telemeter- 
ing should certainly not be overlooked, 
however. Such a technique would be of 
great advantage, for example, if a more 
or less continuous picture was needed. A 
variety of approaches can be consideréd 
for obtaining photoelectronic pictures of 
the sun in the ultraviolet or x-ray region. 
For example, it is entirely possible to 
measure the distribution of Lyman-alpha 
radiation over the sun’s disc by means of 
a photon counter with narrow field of 
view, sensitive to this line only. By using 
a simple scanning motion, it is even pos- 
sible to obtain a crude picture equivalent 
to a television scan of about 20 lines’ 
resolution in a rocket experiment, and 
the longer time available in satellite 
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measurements would permit such scans 
to be made with more resolution and 
at other interesting wavelengths, such as 
the helium resonance lines at 584 and 
304 angstroms, the MgX line at 625 
angstroms, and _ various 
lengths. © 

Planetary spectrograms, A variation of 
the experiment on ultraviolet and x-ray 
measurements would be the measure- 
ment of the spectra of the various planets 
in the ultraviolet and infrared. All of the 
central planets have visible atmospheres, 
but the composition of these atmospheres 
is difficult to observe spectrographically 
from the ground, due to the presence of 
the same or similar gases (in differing 
proportions) in our own atmosphere. 
For example, the solar ultraviolet radia- 
tion reflected from these planets is com- 
pletely absorbed by our atmospheric 
ozone, and large segments of the infra- 


x-ray wave- 


red radiation which is emitted are ab- ' 


sorbed by water vapor, carbon dioxide, 
and ozone, plus other trace constituents 
such as methane and nitric oxide. A satel- 
lite would have a clear view of these 
planets. 

The radiation from them is very weak, 
however, and would require quite ac- 
curate positioning of the spectrograph in 
order to provide long exposures with 
limited angular fields (in order to mini- 
mize the cosmic and stellar background). 
Moreover, it would probably be most 
desirable to recover the spectra in the 
form of exposed plates, though it is pos- 
sible to telemeter the information to the 
ground. 

An experimental test of the general 
theory of relativity. One of the predic- 
tions of the general theory of relativity 
is that the fundamental time scale of 
atomic phenomena (for example, fre- 
quency of emitted spectral lines) is in- 
fluenced by the gravitational potential 
in which the emitting system is located. 
This prediction has received, thus far, 
only a very few observational verifications, 
and even these remain in a somewhat 
controversial state. It is conceivable that 
it may be possible to mount a so-called 
cesium or thalium “clock” in a satellite 
and a similar one at a ground station 
and intercompare the rates of these two 
clocks over an extended period of time. 
In accordance with the general theory 
of relativity, it is expected that there 
would be a systematic difference in the 
rate of running of these two “atomic 
clocks,” because of the known difference 
of gravitational potential to which they 
are subjected. 

The effect is a small one, and it ap- 
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pears that accumulated observation over 
a period of the order of a month may be 
required to surmount reasonable experi- 
mental errors in location of the position 
of the satellite and in ionospheric con- 
ditions. (Both effects, of course, influence 
the transit time of the transmitted inter- 
comparison signal from the satellite to 
the ground station. ) 

A proposal is known to be currently 
under consideration for a similar inter- 
comparison between clocks, one of which 
is located on a mountain and the other 
in a neighboring valley. However, if the 
technical problems can be adequately 
solved, it may be desirable to utilize a 
satellite for a more sensitive test of this 
very profound theoretical hypothesis un- 
der different conditions. 

Solar (cosmic) radio noise in the high- 
frequency and low-frequency spectrum. 
High-frequency radio waves below about 
5 megacycles cannot penetrate the iono- 
sphere, and even radio waves at 20 mega- 
cycles are sometimes totally absorbed. 
Thus, it is not possible to observe from 
the ground the lower frequency end of 
the radio noise which comes from the 
sun and beyond. 

A satellite would, of course, not suffer 
from ionospheric absorption, but the sig- 
nal levels in this region are low, and the 
antennas required to obtain much gain 
have to be large. However, by the use of 
long wires, or large erectable reflectors 
or lenses to concentrate the signals and 
to obtain directionality, measurements 
could be made on high-frequency signals 
below the ionospheric cutoff. 

Collection of micrometeoritic samples. 
If techniques can be worked out for re- 
covery of the satellite or of small cap- 
sules from the satellite, a long-period col- 
lection of micrometeorite particles could 
be made. These samples could be col- 
lected in containers filled with something 
like silicone grease, which could be 
opened while the satellite is on orbit and 
then closed just before the recovery oper- 
ation is begun. 

The recovery of a representative sam- 
ple of meteoric material would be of 
value for a number of reasons: It would 
throw light on the relative abundance 
of elements in the solar system; it would 
help to resolve the questions concerning 
the scattering effect of this dust, ob- 
served as the zodiacal light; it would 
supplement the previously mentioned 
satellite observations of the impact ef- 
fects of meteors; and so forth. 

Manned satellites. Later in this article 
manned space flight is discussed briefly, 
and it is pointed out that man will in- 
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evitably venture into outer space sooner 
or later. Whether the presence of a man 
in the vehicle will contribute to our 
knowledge of the universe is beside the 
point. Such an achievement should, per- 
haps, be considered as an end in itself— 
the ultimate biological experiment. 


Lunar Investigations 


One of the major justifications for 
building and launching a rocket to the 
moon is the knowledge which would be 
obtained about our nearest neighbor in 
space. The emphasis of the long-range 
program described here is on an orderly 
progression of technical development and 
scientific research into problems of outer 
space. In this context, the investigation 
of the moon is but a step to the investi- 
gation of the planets. 

There are several potentially fruitful 
experiments and: observations on the 
moon now being considered, some of 
which could be made by impacting the 
moon directly (the impact velocity 
would be about 9000 feet per second for 
a vehicle taking 2 to 3 days for the trip), 
some of which could be made by a satel- 
lite in a circumlunar orbit (this would 
be a special kind of satellite), and some 
of which would require the lowering of 
instruments to the surface. Ultimately 
there will be manned vehicles capable 
of landing on the moon. 

The experiments which should take 
priority are, in general, those which give 
information about the moon as a whole, 
rather than about the particular point of 
impact—those that will reveal the most 
about the processes by which the moon 
was formed, its past history, and so 
forth, and that will be most useful in 
the planning of subsequent experiments. 
The three quantities to be measured 
which pertain to the moon as a whole 
are the lunar gravity or mass, the moon’s 
magnetic field, and its atmosphere. Of 
these, probably the last is the only one 
which requires a landing on the moon. 
A’ further experiment, described . more 
fully below, is the determination of the 
internal structure of the moon by seis- 
mic prospecting techniques; this will cer- 
tainly require the landing of an instru- 
mented package. 

Measurement of lunar mass and grav- 


ity. Present estimates of the moon’s 


mass, based primarily on observations of 
the motions of asteroids and of the mo- 
tions of the earth’s polar axis, have a 
possible error of about 0.3 percent. So 
great an uncertainty as this would affect 








any calculation of the trajectory of a 
moon rocket, since calculations must 
take into account the moon’s mass. It is 
therefore desirable that one of the early 
moon experiments be devoted to a more 
precise measurement of this quantity. 

There are two possible ways of going 
about this. The best way is to track the 
rocket as it approaches the moon and to 
deduce from the path which the rocket 
takes, and from the instant of its ar- 
rival, the force of the moon’s pull at 
each point. This is entirely practical in 
principle, but it requires considerable ac- 
curacy in the tracking. The accuracy re- 
quirements almost certainly could not be 
met by an electronic tracking system on 
the earth. A radar altimeter and Dop- 
pler drift measurement from the lunar 
vehicle itself might provide sufficient ac- 
curacy for such a determination. The use 
of ballistic cameras which could position 
a large diffuse reflector or a flashing 
light on the vehicle against the star back- 
ground is also a promising possibility for 
accurately determining the motion of a 
vehicle relative to the moon. 

An alternative method would be to 
measure the lunar gravity from the sur- 
face of the moon directly, after the 
rocket had landed. This kind of meas- 
urement is relatively simple and can be 
performed by measuring the displace- 
ment of a known mass suspended from 
a carefully calibrated spring, by meas- 
uring the time-of-fall of a body in a 
known distance, by measuring the period 
of swing of a pendulum of known length, 
and so on. By any one of these tech- 
niques the gravity of the moon could be 
measured with an error considerably less 
than one part in a thousand. 

A measurement of the lunar gravity at 
some point on the surface is not suffi- 
cient to determine the lunar mass, how- 
ever. The other parameter is the square 
of the distance between the measuring 
point and the moon’s center. The aver- 
age radius of the moon is about 1740 
kilometers. Some of the mountains of the 
moon have been determined to be more 
than 1.3.kilometers high. There are es- 
carpments more than a kilometer high 
separating plateaus from low-lying plains 
or maria, and the crater bottoms are at a 
different level from the surrounding 
land. In fact, the variations between 
various parts of the moon’s surface, since 
the so-called “continental” or “sea” areas 
are at different heights above the mean 
level, make a determination of the size 
and shape of the moon somewhat uncer- 
tain. According to Baldwin, the lunar 
bulge is 2200 meters (in the direction of 
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the earth), and the uncertainty in this 
quantity is about +200 meters. This 
alone corresponds to a possible error in 
height above the moon’s center of 1/10,- 
000, and a corresponding error in the 
lunar mass determination of 0.02 per- 
cent. It would appear, therefore, that 
this may be the limiting factor in deter- 
mining the lunar mass from an obser- 
vation of lunar gravity on the moon’s 
surface, but such an observation would 
‘still reduce the present uncertainty by 
an order of magnitude. 

Direct measurement of the lunar mag- 
netic field. At present there is apparently 
no evidence at all that the moon has a 
magnetic field. It must have one, how- 
ever, since it could hardly have existed 
for so long in close proximity to the 
earth without experiencing some effect 
of the geomagnetic field. Furthermore, 
the lunar magnetic field would depend 
on the method of formation of the moon 
and on the magnetic field in which it 
existed during its formation. 

If we consider that an approximate 
lower bound to the lunar magnetic field 
is the strength of the earth’s magnetic 
field at a distance of 386,000 kilometers, 
then we would be faced with the prob- 
lem of measuring a field of about 0.14 
gammas. (The magnetic field at the sur- 
face of the earth is about 0.5 gauss, or 
50,000 gammas.) Familiar techniques 
exist for measuring magnetic fields down 
to a few gammas, but this remnant of 
the earth’s field may, by itself, be too 
small to be measured. Thus, the first 
measurement of the lunar magnetic field 
should be considered to be exploratory 
and should be made with as much sen- 
sitivity as possible. 

It may be that the moon’s field is 
much stronger than this, due, perhaps, 
to internal circulations while it was 
cooling; or it may be that the moon’s 
magnetic field does not align itself with 
the extension of the earth’s field. If 
either of these possibilities is found to be 
true, it would be a matter of consider- 
able theoretical interest, since it might 
reveal something about the way in which 
the moon was formed and about the his- 
tory of the earth-moon system. 

If the lunar magnetic field is larger 
than the foregoing calculation indicates, 
another likely cause would be the reten- 
tion of the larger magnetic field in 
which the moon was embedded at the 
time of solidification. It has been held 
that the moon was Closer to the earth 
when it solidified, and so it may have 
been in a stronger field at this time. 

Mass spectrographic measurements of 
the lunar atmosphere. It is customary to 
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think of the moon as having no atmos- 
phere at all. Astronomical observations 
have given no sure indication of a lunar 
atmosphere. Theoretical calculations on 
the persistence of any remnant of an at- 
mosphere show that even the heavier 
gases, such as krypton, xenon, and per- 
haps CO,, would slowly escape from the 
hot, sunlit side of the moon. 

Nevertheless, there is a possibility that 
enough gas is trapped in the crust of the 
moon so that there is a steady leakage 
of this:gas. The heavier gases would stay 
onthe surface for awhile, so there would 
be a very tenuous but constantly. replen- 
ished atmosphere. A measurement of the 
constituents of this atmosphere would 
reveal information about the rate at 
which these gases are being released by 
the crust. This would be of considerable 
help in understanding the constitution of 
the crust and the way in which the moon 
was formed. 

It is possible to design a lightweight 
mass spectrograph which could give an 
indication of both the atmospheric den- 
sity and the atomic mass distribution of 
the lunar atmosphere—or at least an 
estimate of an bound of the 
amourt of each gas present. The Uni- 
versity of Michigan has proposed a de- 
sign for such a gas analyzer; it would 
work on the principle of an “omega- 


upper 


tron,” could possibly be used in a satel- 
lite vehicle, and would operate down to 
pressures of the order of 10-1 milli- 
meters of mercury. If it could function 
in a satellite, then it should be able to 
function on the moon. There does not 
seem to be any sure way at this time of 
estimating whether the trace of a lunar 
atmosphere could be detected by an in- 
strument operating at this level of pres- 
sure, but the experiment certainly war- 
rants a try (perhaps preceded by the ob- 
servation of pressure described in the 
following paragraph). 

Pressure and density of the lunar at- 
mosphere. A measurement of the pres- 
sure or density of the lunar atmosphere 
alone would not be as useful as a meas- 
ure of the individual constituents, as 
suggested in the previous section. The 
only advantage would lie in the fact that 
a pressure measurement is simpler to 
make, in principle, than a mass spectro- 
graphic measurement. If weight or com- 
plexity were a problem, then it might be 
desirable to make a pressure measure- 
ment first. Once the existence or non- 
existence of a measurable atmosphere 
had been established, the decision to 
operate a mass spectrograph could be 
made on a firmer basis. 

Seismic and microseismic observations 





of the lunar crust. There are probably 
two natural sources of motion in the 
moon’s crust: that caused by shifting, 
sliding, or folding of the crust and that 
caused by the impact of meteoroids. 

In order for the first to occur, the cen- 
ter of the moon would have to be plastic 
or molten, like the center of the earth, 
since there could hardly be much shift- 
ing of the moon’s crust if the moon were 
a rigid sphere. Occasionally there might 
be a landslide, due:to small-scale frac- 


‘turing of a cliff subjected to the large 


monthly temperature variations, but a 
landslide would probably not ‘register as 
a “moonquake.” It is an open question 
whether the moon has a molten interior, 
In the geologic past there seems to have 
been volcanic activity, and the maria 
appear to have been laid down as a cov- 
ering of molten material. However, since 
man has been observing the moon, there 
has been no clear case of an active vol- 
cano on the moon, and so it may be com- 
pletely solidified by now. Listening for 
moonquakes would be one way to find 
the answer to this riddle. 

There is, however, no doubt about the 
fact that meteoroids are continually im- 
pacting the moon. Most of the particles 
from interplanetary space are very small, 
with diameters of less than a millimeter. 
These would have almost no effect on 
the moon’s surface during our period of 
observation and would not cause any 
measurable microseisms. However, there 
is a definite possibility that several large 
particles might hit somewhere on the 
moon during the period of observation. 
Depending on their energies and their 
distances from the instrument, the im- 
pacts would be detected as waves in the 
crust, just as the impulse from explosions 
on the earth’s surface is picked up hun- 
dreds of miles away. In the case of the 
moon there does not seem to be any way 
of determining how far away from the 
recorder a meteoroid hit, but it might 
be possible to get some useful informa- 
tion from the character of the pulse. 

If an explosion (or explosions) could 
be created at a known time and at a 
place some distance from the recorder, 
then one could make full use of the 
powerful techniques which have been 
developed for seismic prospecting. For 
studies of the lunar subsurface and core, 
this would certainly be preferable to de- 
pending on meteor impacts. In order to 
use seismic prospecting techniques, one 
must know the distance between the ex- 
plosion and the recorder, and the re- 
corder must be able to measure the time- 
of-travel, and the character, of the shock 
wave. Actually, after traveling a short 
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distance in the lunar crust, the original 
shock wave would be broken up into a 
number of waves with different group 
velocities and modes of propagation, 
and the analysis would depend to a 
large extent on being able to sort out the 
various components of the wave. This 
would mean that the wave would have 
to be recorded with considerable time 
resolution, and the record would then 
be transmitted to the earth by a play- 
back mechanism. This would allow one 
to expand the time scale of the record 
in order to accommodate the bandwidth 
of the telemetering link. 

The source of the shock used in the 
seismic experiment, which must be at 
some known distance from the detecting 
instrument, could be a hydrogen or an 
atomic explosion, or possibly the impact- 
ing of another part of the vehicle sys- 
tem. For example, if a last stage similar 
to the Vanguard second stage, weighing 
about 800 pounds, empty, were used to 
start the instrumental section on its way, 
it would release an amount of energy on 
impact with the moon (at 9000 feet per 
second) equivalent to nearly the same 
number of pounds of TNT. Naturally, 
the instrument package would have to 
precede it and land before the impact 
of the booster occurred, but this would 
require only a small extra push to the 
package early in the flight. 

A more elaborate experiment can be 
conceived, in which grenades could be 
ejected from the moon rocket, travel a 
known distance, and then explode on 
hitting the ground. This would give a 
pulse of known energy at a known dis- 
tance from the seismograph. If this ex- 
periment were considered crucial enough, 
it could probably be performed, but con- 
siderations: such as the weight of the 
auxiliary projectiles, the accuracy with 
which they could be aimed, the effects 
of rough terrain, and other problems 
make such an undertaking seem rather 
difficult. 

Observations at the point of impact. 
As mentioned earlier, the most valuable 
experiments, at least in the initial stages 
of lunar exploration, are those which 
deal with the moon as whole. However, 
it is clear that there are a number of 
things concerning the surface on which 
the package landed which would be of 
great interest. Among the important 
properties which would lend themselves 
to measurements are: (i) temperatures 
of the surface and subsurface; (ii) sur- 
face hardness; (iii) chemical composi- 
tion of the surface material. 

The Soviets have suggested the use 
of mobile instrument carriers equipped 
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with television links to the earth (called 
“tankette laboratories” )—an interesting 
means of extending such local observa- 
tions over a wider area. 


Planetary and Interplanetary 


Investigations 


The requirements for landing an in- 
strument package gently onto the sur- 
face of the moon are roughly equivalent 
in difficulty to those for placing the same 
weight of instruments on a_ collision 
course with either Mars of Venus. The 
detailed problems to be solved are dif- 
ferent, particularly with respect to guid- 
ance, but the propulsion requirements 
may actually be considerably less for the 
interplanetary flight. It should be noted 
that the velocity necessary to escape 
from the system is less 
than 0.01 percent greater than the initial 
velocity required to the 


earth-moon 
just reach 
moon. 

To achieve a heliocentric orbit is in 
many respects easier than to achieve an 
interplanetary (that is, planet-to-planet) 
trajectory, since the propulsion require- 
ments are about the same while the guid- 
ance accuracy required would probably 
be less, depending on what is expected 
of the orbit. For this reason, it is not un- 
reasonable to treat interplanetary and 
heliocentric flights together, even though 
the scientific objectives may be quite 
different. 

One of the major problems in un- 
manned interplanetary flight will be that 
and For 
example, at the distance of Mars at clos- 
est approach (about 50,000,000 miles, 
on the average), it would require an 
astronomical telescope with a 20-inch 
aperture to see a sphere of 1 kilometer 
diameter with an albedo of | 
surface). 


of communications tracking. 


(a white 
This suggests that very large 
balloons or corner reflectors 
will have to be used if the space vehicle 
is to be tracked optically, or it will have 
to carry a source of bright light. Track- 
ing by radar is not out of the question, 
though powerful transponders would be 
required to allow the vehicle to be 
reached at such a range. 
Communication over these great dis- 


inflatable 


tances will obviously require a great 
deal of transmitted power. All other 
things being equal, the power required 
increases with the square of the range of 
the communications link. For example, 
it is claimed that an advanced narrow 
bandwidth (an effective predetection 
noise bandwidth of 10 cycles per second) 
telemetering system, called the Micro- 





lock system, can now be designed to 
reach 3000 miles with only one milliwatt 
of transmitted power. At the mean dis- 
tance of Mars at closest approach, the 
power required for such a system would 
be about 200 kilowatts. There are un- 
doubtedly other schemes -which are bet- 
ter suited for this purpose, but the prob- 
lem certainly requires attention. 

Some of the scientific objectives of in- 
terplanetary flight—objectives which can 
only be attained by such an effort—are 
listed below. An attempt has been made 
to name the simpler experiments first, 
and it appears that these simpler ones 
would in every case yield information re- 
quired for the planning of the succeed- 
ing flights. 

Determination of the astronomical 
unit. The basic unit of length used in 
astronomy is the semimajor: axis of the 
earth’s orbit about the sun (the astro- 
nomical unit), now estimated to be 92,- 
900,000 miles or 149,600,000 kilometers 
and known to only three or, at most, four 
significant figures. It is taken as the basic 
unit because the diameter of the earth’s 
orbit is the longest baseline which ter- 
restrial astronomers can ever achieve. 
The parsec, a derived unit of length 
which is commonly used to measure 
stellar distances, is the distance at which 
the astronomical unit subtends one sec- 
ond of arc. In order to relate the astro- 
nomical unit to our usual yardsticks, it is 
necessary to triangulate from the earth 
on interplanetary objects whose orbits 
can be observed and timed. The closest 
objects of this kind are the asteroids; but 
the closest asteroids are several million 
miles away, and so triangulation from a 
baseline on the earth on such an object 
cannot be carried out with great accu- 
racy (as evinced by the uncertainties in 
the values given above for the astronomi- 
cal unit). 

The situation would be greatly im- 
proved if astronomers were provided 
with an “artificial asteroid,” one which 
passed relatively close to the earth occa- 
sionally and which could be observed as 
it circles around the sun. Ways of mak- 
ing it observable will require further 
thought, as will the corrections which 
may have to be applied for solar radia- 

tion pressure, meteoric and coronal drag, 
the perturbations of the earth and plan- 
ets, and so on. By the time this experi- 
ment is achieved there will probably be 
enough information available on inter- 
planetary conditions to permit such cor- 
rections to be made quite precisely. 

An improved value of the astronomi- 
cal unit would reflect itself in improved 
precision in other fundamental constants. 
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For example, the constant of gravitation 
expressed in terms of the astronomical 
unit, the solar mass, and the mean solar 
day is known from astronomical observa- 
tions to nine significant figures; the gravi- 
tational constant expressed in centimeter- 
gram-second units is known from labora- 
tory measurements to only four signifi- 
cant figures. It is the low accuracy in the 
conversion factors between the two sets 
of units, especially the unit of length 
(astronomical unit to c.g.s.) which pre- 
vents astronomers from converting the 
more precise value of this fundamental 
constant to the c.g.s. system. 

Determination of planetary masses. 
When the distances between objects in 
the solar system have been established 
more accurately, the next objective in 
astronautics would be the determination 
of the masses of these objects. It is neces- 
sary to know the mass of a planet in 
order to determine its effects on the path 
of a nearby space vehicle, so planetary 
masses will be an essential input in calcu- 
lating interplanetary trajectories accu- 
rately. 

It is just this relationship between 
planetary masses and trajectories which 
forms a useful basis for a mass deter- 
mination, Space vehicles dispatched on 
paths close to the various planets would 
be accurately tracked (perhaps with 
auxiliary position sensors in the vehicles 
themselves, such as star trackers and 
radars). From a precise trajectory the 
planetary mass would be deduced. 

Entry into planetary atmospheres. As 
noted above in connection with advanced 
satellite experiments, it will be possible 
to learn a good deal about the planets 
and their atmospheres from satellite ob- 
serving stations. However, a logical prel- 
ude to an actual landing on a planet 
(though probably not a necessity in the 
case of Mars or Venus) would be the 
observation of the behavior of an instru- 
mented “reentry body” as it plunged into 
the planet’s atmosphere. From a knowl- 
edge of its approach trajectory and a 
time history of altitude, deceleration, 
and vehicle surface heating, the atmos- 
pheric data necessary‘for designing sub- 
sequent entry vehicles could probably be 
determined. 

Of course, the planets differ tremen- 
dously. Present estimates indicate that 
it would be even easier for a satellite to 
penetrate the atmospheres of Mars or 
Venus, given a slanting approach, than 
to return to the earth. The atmosphere 
of Mercury is essentially nonexistent. It 
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is for the larger outer planets that such 
atmospheric entry bodies, or probes, 
would be most useful. This is discussed 
further in the next section. 

Landing on the planets. Clearly, each 
planet is unique in its characteristics, and 
so the objectives and techniques for a 
landing vehicle would be different for 
each planet. Mercury, small and sun- 
scorched, poses many of the same prob- 
lems as our moon. Venus and Mars, the 
most intriguing planets as well as the 
closest, will undoubtedly merit attention 
first, and the problems associated with 
the placing of instruments on their sur- 
faces are so similar to those involved in 
the placing of instruments on our earth’s 
surface that development of landing 
schemes and experiments should be 
fairly straightforward, once the guidance 
and propulsion problems have been over- 
come. The large outer planets are alto- 
gether different from the inner planets, 
and there may be no such thing as “‘land- 
ing” on their inner cores, which very 
possibly are nowhere solid but may con- 
sist of a liquid center merging with a 
deep gaseous envelope. One might, in- 
stead, design a vehicle which would enter 
the atmosphere of such a planet and then 
settle to a certain density level, where 
it would float, like an inextensible bal- 
loon. As for Pluto, we can now only guess 
at what its atmosphere and surface are 
like. 

To restrict the discussion to Venus and 
Mars, the significance of obtaining obser- 
vations on the surfaces of these two plan- 
ets is too obvious to require emphasis. 
Moreover, the number of things which 
one would wish to find out about these 
sister planets is overwhelming. The most 
compelling question is undoubtedly: 
What forms of life, if any, do these plan- 
ets have? 

For the purpose of paving the way for 
subsequent landings on these two planets 
by manned space ships, the following are 
probably the most important features to 
be determined: (i) atmospheric density 


and composition near the surface; (ii): 


the range of atmospheric temperatures 
and winds near the surface; (iii) gross ter- 
rain features, such as mountains, valleys, 
snow fields, and, at least in the case of 
Venus, possible rivers and seas. It must 
be remembered that the surface of Venus 
is unobservable in the visible or infra- 
red, due to the continuous cloud deck, so 
one must both land to explore its sur- 
face and fly over it at relatively low alti- 
tude to map it by radar. Mars could 





probably be roughly mapped ‘by aerial 
reconnaissance without penetration of 
its atmosphere, but it might be impos- 
sible to identify some features without a 
closer look; (iv) surface composition. 
One would expect the surfaces of these 
planets to be infinitely varied, as is the 
surface of the earth. Still, one would 
learn a great deal about the conditions 
to be encountered on landing if one had 
previous knowledge of the chemical 
composition of some representative soils, 
their hardness and depth, their moisture 
content, and so forth. 


Manned Space Flight 


Although it is impossible to predict 
how quickly man himself will follow his 
exploring instruments into outer space, 
the inevitable culmination of his efforts 
will be manned space flight and his land- 
ing on the nearer planets. It is clear that 
he can develop the ability to do these 
things, and it is hard to conceive of man- 
kind stopping short when such a tempt- 
ing goal is within reach. 

The attainment of manned space 
flight, however, cannot now be very 
clearly justified on purely rational 
grounds, It is possible, at least in prin- 
ciple, to design equipment which will 
do all the sensing needed to explore space 
and the planets. Mobile vehicles could 
be designed to land and crawl across the 
face of each of these distant worlds, 
measuring, touching, looking, listening, 
and reporting back to earth ail the im- 
pressions gained. They could be remotely 
controlled, and so could act like hands, 
eyes, and ears for the operator on earth. 
Moreover, such robots could be aban- 
doned without a qualm when they ran 
out of fuel or broke down. 

Though all this could be done in prin- 
ciple, there may be a point at which the 
complexity of the machine to do the job 
becomes intolerable, and at which a man 
is found to be more efficient, more re- 
liable, and above all more resourceful 
when unexpected obstacles arise. It is, 
in a sense, an article of faith ‘that man 
will indeed be required to do the job 
of cosmic exploration personally—and, 
furthermore, that he will want to do the 
job himself, whether required to or not. 

With man’s first venture into outer 
space, a new program of research and 
exploration will begin. The program de- 
scribed above will therefore be the prel- 
ude to the drama to follow. 
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News of Science 


Space Program Offered by 


Killian Advisory Committee 


On 26 March President Eisenhower 
made public a report on outer space pre- 
pared by his Science Advisory Commit- 
tee under the chairmanship of James R. 
Killian, Jr. The study set forth a research 
program leading through automated ex- 
ploration of the moon and planets to 
manned space flight. Following are ex- 
cerpts from “Introduction to Outer 
Space.” 

“. . « It is useful to distinguish among 
four factors which give importance, 
urgency, and inevitability to the advance- 
ment of space technology. 

“The first of these factors is the com- 
pelling urge of man to explore and to 
discover, the thrust of curiosity that leads 
men to try to go where no one has gone 
before. Most of the surface of the earth 
has now been explored and men now 
turn to the exploration of outer space as 
their next objective. 

“Second, there is the defense objec- 
tive for the development of space tech- 
nology. We wish to be sure that space is 
not used to endanger our security. If 
space is to be used for military purposes, 
we must be prepared to use space to de- 
fend ourselves. 

“Third, there is the factor of national 
prestige. To be strong and bold in space 
technology will enhance the prestige of 
the United States among the peoples of 
the world and create added confidence 
in our scientific, technological, indus- 
trial, and military strength. 

“Fourth, space technology affords new 
opportunities for scientific observation 
and experiment which will add to our 
knowledge and understanding of the 
earth, the solar system, and the uni- 
MENSE Lis i) { 

“The moon as a goal. Moon explora- 
tion will involve three distinct levels of 
difficulty. The first would be a simple 
shot at the moon, ending either in a 
‘hard’ landing or a circling of the moon. 
Next in difficulty would be a ‘soft’ land- 
ing. And most difficult of all would be 
a ‘soft’ landing followed by a safe re- 
turn to earth. 

“The payload for a simple moon shot 
might be a small instrument carrier simi- 
lar to a satellite. For the more difficult 
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‘soft’ landing, the carrier would have to 
include, as part of its payload, a ‘retro- 
rocket’ (a decelerating rocket) to pro- 
vide braking action, since the moon has 
no atmosphere that could serve as a 
cushion. 

“To carry out the most difficult feat, 
a round trip to the moon, will require 
that the initial payload include not only 
‘retro-rockets’ but rockets to take off 
again from the moon. Equipment will 
also be required aboard to get the pay- 
load through the atmosphere and safely 
back to earth. To land a man on the 
moon and get him home safely again will 
require a very big rocket engine indeed 
—one with a thrust in the neighborhood 
of one or two million pounds. While nu- 
clear power may prove superior to chem- 
ical fuels in engines of multi-million- 
pound thrust, even the atom will provide 
no short cut to space exploration. 

“Sending a-small instrument carrier 
to Mars, although not requiring much 
more initial propulsion than a simple 
moon shot, would take a much longer 
travel time (eight months or more) and 
the problems of navigation and_ final 
guidance are formidable. 

“A message from Mars. Fortunately, 
the exploration of the moon and nearby 
planets need not be held up for lack of 
rocket engines big enough to send men 
and instrument carriers out into space 
and home again. Much that scientists 
wish to learn from satellites and space 
voyages into the solar system can be 
gathered by instruments and transmitted 
back to earth. This transmission, it turns 
out, is relatively easy with today’s rugged 
and tiny electronic equipment. 

“For example, a transmitter with a 
power of just one or two watts can easily 
radio information from the moon to the 
earth. And messages from Mars, on the 
average some 50 million to 100 million 
miles away at the time the rocket would 
arrive, can be transmitted to earth with 
less power than that used by most com- 
mercial broadcasting stations. In some 
ways, indeed, it appears that it will be 
easier to send a clear radio message be- 
tween Mars and earth than between New 
York and Tokyo. 

“This all leads up to an important 
point about space exploration. The cost 
of transporting men and material through 


space will be extremely high, but the cost 
and difficulty of sending information 
through space will be comparatively 
lows nas 

“The view from a satellite. Here are 
some of the things that. scientists say 
can be done with the new satellites and 
other space mechanisms. A satellite in 
orbit can do three things: (1) It can 
sample the strange new environment 
through which it moves; (2) it can look 
down and see the earth as it has never 
been seen before; and (3) it can look 
out into the universe and record informa- 
tion that can never reach the earth’s sur- 
face because of the intervening atmos- 
phere. 

“The satellite’s immediate environ- 
ment at the edge of space is empty only 
by earthly standards. Actually, “empty’ 
space is rich in energy, radiation, and 
fast-moving particles of great variety. 
Here we will be exploring the active 
medium, a kind of electrified plasma, 
dominated by the sun, through which our 
earth moves. Scientists have indirect evi- 
dence that there are vast systems of mag- 
netic fields and electric currents that are 
connected somehow with the outward 
flow of charged material from the sun. 
These fields and currents the satellites 
will be able to measure for the first time. 
Also for the first time, the satellites will 
give us a detailed three-dimensional pic- 
ture of the earth’s gravity and its mag- 
netic field. 

“Physicists are anxious to run one cru- 
cial and fairly simple gravity experiment 
as soon as possible. This experiment will 
test an important prediction made by 
Einstein’s General Theory of Relativity, 
namely, that a clock will run faster as 
the gravitational field around it is re- 
duced. If one of the fantastically accu- 
rate clocks, using atomic frequencies, 
were placed in a satellite and should run 
faster than its counterpart on earth, an- 
other of Einstein’s great and daring pre- 
dictions would be confirmed. (This is not 
the same as the prediction that any mov- 
ing clock will appear to a stationary ob- 
server to lose time—a prediction that 
physicists already regard as well con- 
firmed. ) 

“There are also some special questions 
about cosmic rays which can be settled 
only by detecting the rays before they 
shatter themselves against the earth’s 
atmosphere. And, of course, animals car- 
ried in satellites will begin to answer the 
question: What is the effect of weight- 
lessness on physiological and psychologi- 
cal functions? (Gravity is not felt inside 
a satellite because the earth’s pull is pre- 
cisely balanced by centrifugal force. 
This is just another way of saying that 
bodies inside a satellite behave exactly 
as they would inside a freely falling 
elevator. ) 

“The satellite that will turn its atten- 
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tion downward holds great promise for 
meteorology and the eventual improve- 
ment of weather forecasting. Present 
weather stations on land and sea can keep 
only 10 percent of the atmosphere under 
surveillance. Two or three weather satel- 
lites could make a cloud inventory of the 
whole globe every few hours. From this 
inventory meteorologists believe they 
could spot large storms (including hur- 
ricanes) in their early stages and chart 
their direction of movement with much 
more accuracy than at present. Other 
instruments in the satellites will measure 
for the first time how much solar energy 
is falling upon the earth’s atmosphere 
and how much is reflected and radiated 
back into space by clouds, oceans, the 
continents, and by the great polar ice 
fields. 

“Tt is not generally appreciated that 
the earth has to send back into space, 
over the long run, exactly as much heat 
energy as it receives from the sun. If this 
were not so the earth would either heat 
up or cool off. But there is an excess of 
income over outgo in the tropical regions, 
and an excess of outgo over income in 
the polar regions. This imbalance has to 
be continuously rectified by the activity 
of the earth’s atmosphere which we call 
weather. 

“By looking at the atmosphere from 
the outside, satellites will provide the first 
real accounting of the energy imbalances, 
and their consequent tensions, all around 
the globe. With the insight gained from 
such studies, meteorologists hope they 
may improve long-range forecasting of 
world weather trends. 

“Finally, there are the satellites that 
will look not just around or down, but 
out into space. Carrying ordinary tele- 
scopes as well as special instruments for 
recording x-rays, ultraviolet, and other 
radiations, these satellites cannot fail to 
reveal new sights forever hidden from 
observers who are bound to the earth. 
What these sights will be, no one can 
tell. But scientists know that a large part 
of all stellar radiation lies in the ultra- 
violet region of the spectrum, and this is 
totally blocked by the earth’s atmos- 
phere. Also blocked are other very long 
wave lengths of ‘light’ of the kind usually 
referred to as radio waves. Some of these 
get through the so-called ‘radio window’ 
in the atmosphere and can be detected 
by radio telescopes, but scientists would 
like a look at the still longer waves that 
cannot penetrate to earth. 

“Even those light signals that now 
reach the earth can be recorded with 
brilliant new clarity by satellite tele- 
scopes. All existing photographs of the 
moon and nearby planets are smeared by 
the same turbulence of the atmosphere 
that makes the stars twinkle. Up above 
the atmosphere the twinkling will stop 
and we should be able to sec for the first 
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time what Mars really looks like. And we 
shall want. a really sharp view before 
launching the first rocket to Mars. 

“A close-up of the moon. While these 
satellite observations are in_ progress, 
other rockets will be striking out for the 
moon with other kinds of instruments, 
Photographs of the back or hidden side 
of the moon may prove quite unexciting, 
or they may reveal some spectacular new 
feature now unguessed. Of greater scien- 
tific interest is the question whether or 
not the moon has a magnetic field. Since 
no one knows for sure why the earth has 
such a field, the presence or absence of 
one on the moon should throw some light 
on the mystery. 

“But what scientists would most like 
to learn from a close-up study of the 
moon is something of its origin and his- 
tory. Was it originally molten? Does it 
now have a fluid core, similar to earth’s? 
And just what is the nature of the lunar 
surface? The answer to these and many 
other questions should shed light, directly 
or indirectly, on the surrounding solar 
system. 

“While the moon is believed to be de- 
void of life, even the simplest and most 
primitive, this cannot be taken for 
granted. Some scientists have suggested 
that small particles with the properties 
of life—germs or spores—could exist in 
space and could have drifted on to the 
moon. If we are to test this intriguing 
hypothesis we must be careful not to con- 
taminate the moon’s surface, in the bio- 
logical beforehand. There are 
strong scientific reasons too, for avoiding 
radioactive contamination of the moon 
until its naturally acquired radioactivity 
can be measured. 

“And on to Mars. The nearest planets 
to earth are Mars and Venus. We know 
quite enough about Mars to suspect that 
it may support some sort of life. To land 
instrument carriers on Mars and Venus 
will be easier, in one respect, than 
achieving a ‘soft’ landing on the moon. 
The reason is that both planets have at- 
mospheres that can be used to cushion 
the final approach. These atmospheres 
might also be used to support balloons 
equipped to carry out both meteorologi- 
cal soundings and a general photo survey 
of surface features. The Venusian at- 
mosphere, of course, consists of what 
appears to be a dense layer of clouds so 
that its surface has never been seen at 
all from earth. 

“Remotely controlled scientific expe- 
ditions to the moon.and nearby planets 
could absorb the energies of scientists for 
many decades. Since man is such an ad- 
venturous creature, there will undoubt- 
edly come a time when he can no longer 
resist going out and seeing for himself. 
It would be foolish to try to predict to- 
day just when this moment will arrive. 
It might not arrive in this century, or it 
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might come within one or two decades. 
So much will depend on how rapidly we 
want to expand and accelerate our pro- 
gram. According to one estimate it 
might require a total investment of about 
a couple-of billion dollars, spent over a 
number of years to equip ourselves to 
land a man on the moon and to return 
him safely to earth, 

“The satellite radio network. Mean- 
while, back at earth, satellites will be 
entering into the everyday affairs of men. 
Not only will they be aiding the meteor- 
ologists, but they could surely—and 
rather quickly—be pressed into service 
for expanding worldwide communica- 
tions, including intercontinental _ tele- 
vision. 

“At present all trans-oceanic commu- 
nication is by cable (which is costly to 
install) or by shortwave radio (which is 
easily disrupted by solar storms). Tele- 
vision cannot practically be beamed 
more than a few hundred miles because 
the wavelengths needed to carry it will 
not bend around the earth and will not 
bounce off the region of the atmosphere 
known as the ionosphere. To solve this 
knotty problem, satellites may be the 
thing, for they can serve as high-flying 
radio relay stations. Several suitably 
equipped and properly-spaced satellites 
would be able to receive TV signals from 
any point on the globe and to relay them 
directly—or perhaps via a second satel- 
lite—to any other point. Powered with 
solar batteries, these relay stations in 
space should be able to keep working for 
many years. 

“Military applications of technology. 
The development of military rockets has 
provided the technological base for space 
exploration. It will probably continue 
to do so, because of the commanding 
military importance of the ballistic mis- 
sile. The subject of ballistic missiles lies 
outside our present discussion. We ask 
instead, putting missiles aside, what other 
military applications of space technology 
can we see ahead? 

“There are important, foreseeable mili- 
tary uses for space vehicles. These lie, 
broadly speaking, in the fields of com- 
munication and reconnaissance. To this 
we could add meteorology, for the pos- 
sible advances in meteorological science 
which have already been described would 
have military implications. The use of 
satellites for radio relay links has also 
been described, and it does not take 
much imagination to foresee uses of such 
techniques in long range military opera- 
tions. 

“The reconnaissance capabilities of a 
satellite are due, of course, to its position 
high above the earth and the fact that its 
orbit carries it in a predictable way over 
much of the globe. Its disadvantage is its 
necessarily great distance, 200 miles or 
more, from the surface. A highly magni- 
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Table 1. Timetable of scientific and tech- 
nical objectives. 


Physics 

Geophysics 

Meteorology 

Minimal moon contact 
Experimental communications 
Space physiology 


Poe TN 


Later 
Astronomy 
Extensive communications 
Biology 
Scientific lunar investigation 
Minimal planetary contact 
Human flight in orbit 


Still later 
Automated lunar exploration 


2. Automated planetary exploration 
3. Human lunar exploration and return 


Oo ewe 


_ 


And much later still 
Human planetary exploration 


fying camera or telescope is needed to 
picture the earth’s surface in even mod- 
erate detail. To the human eye, from 
200 miles away, a football stadium 
would be a barely distinguishable speck. 
A telescopic camera can do a good deal 
better depending on its size and com- 
plexity. It is certainly feasible to obtain 
reconnaissance information with a fairly 
elaborate instrument, information which 
could be relayed back to the earth by 
radio. 

“Much has been written about space 
as a future theater of war, raising such 
suggestions as satellite bombers, military 
bases on the moon, and so on. For the 
most part, even the more sober proposals 
do not hold up well on close examina- 
tion or appear to be achievable at an 
early date. Granted that they will be- 
come technologically possible, most of 
these schemes, nevertheless, appear to be 
clumsy and ineffective ways of doing a 
job. Take one example, the satellite as 
a bomb carrier. A satellite cannot ‘sim- 
ply drop a bomb. An object released 
from a satellite does not fall. So there 
is no special advantage in being over the 
target. Indeed, the only way to ‘drop’ a 
bomb directly down from a satellite | is 
to carry out aboard the satellite a rocket 
launching of the magnitude required for 
an intercontinental missile. A better 
scheme is to give the weapon to be 
launched from the satellite a small push, 
after which it will spiral in gradually. 
But that means launching it from a mov- 
ing platform halfway around the world, 
with every disadvantage compared to a 
missile base on the ground. In short, the 
earth would appear to be, after all, the 
best weapons carrier. . . .” 

Scientific objectives. “The scientific 
Opportunities are so numerous and so 
inviting that scientists from many coun- 
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tries will certainly want to participate. 
Perhaps the International Geophysical 
Year will suggest a model for the inter- 
national exploration of space in the years 
and decades to come. 

“The timetable [Table 1] . . . suggests 
the approximate order in which some of 
the scientific and technical objectives 
mentioned in this review may be ob- 
tained.” 

Science Advisory Committee mem- 
bers: James R. Killian, Jr., chairman; 
Robert F. Bacher, professor of physics, 
California Institute of Technology; Wil- 
liam O. Baker, vice president (research) 
Bell Telephone Laboratories; Lloyd V. 
Berkner, president, Associated Universi- 
ties, Inc.; Hans A. Bethe, professor of 
physics, Cornell University; Detlev W. 
Bronk, president, Rockefeller Institute 
for Medical Sciences, and president, Na- 
tional Academy of Sciences; James H. 
Doolittle, vice president, Shell Oil Co.; 
James B. Fisk, executive vice president, 
Bell Telephone Laboratories; Caryl P. 
Haskins, president, Carnegie Institution 
of Washington; James R. Killian, Jr., 
chairman, Special Assistant to the Presi- 
dent for Science and Technology, the 
White House; George B. Kistiakowsky, 
professor of chemistry, Harvard Univer- 
sity; Edwin H. Land, president, Polaroid 
Corporation; Edward M. Purcell, pro- 
fessor of physics, Harvard University; 
Isidor I. Rabi, professor of physics, Co- 
lumbia University; H. P. Robertson, pro- 
fessor of physics, California Institute of 
Technology; Jerome B. Wiesner, direc- 
tor, Research Laboratory of Electronics, 
Massachusetts Institute of Technology; 
Herbert York, chief scientist, Advanced 
Research Projects Agency, Department 
of Defense; Jerrold R. Zacharias, profes- 
sor of physics, Massachusetts Institute 
of Technology; Paul A. Weiss, Rocke- 
feller Institute for Medical Science. 


Detection of Nuclear Explosions 


American scientists have yet to reach 
agreement on the scientific question of 
whether a fool-proof monitoring system 
for nuclear weapon testing is possible. 
This first disagreement is at least par- 
tially responsible for a second—the 
policy question of whether the United 
States should enter into a pact with 
the Soviet Union to suspend tests. 
Thus, Edward Teller holds that “dis- 
armament is a lost cause,” while Harri- 
son Brown, professor of geochemistry at 
the California Institute of Technology, 
charges that Teller is “willfully distort- 
ing the realities of the situation.” 

The scientific arguments in the dis- 
agreement have not been fully revealed, 
but in the March 1958 issue of the Bul- 
letin of the Atomic Scientists, Jay Orear, 
who is assistant professor of physics at 


Columbia University, discusses four pos- 
sible methods for detecting nuclear ex- 
plosions. Orear has been a participant 
since 1957 in the Columbia Inspection 
Project, which is a private, unclassified 
study sponsored by the Columbia Univer- 
sity Institute of War and Peace Studies. 
Orear says that since he has no access to 
classified material, he is “in the fortunate 
position of being free to say anything.” 
Following are some excerpts from his dis- 
cussion, 

“An adequate inspection system for a 
test ban would require the establishment 
of monitoring stations at various loca- 
tions deep inside the Soviet Union. 
About 25 such stations uniformly distrib- 
uted throughout the Soviet Union should 
be sufficient. There is hope that such an 
inspection system would be acceptable to 
Russia, since it was Soviet delegate 
Valerian Zorin who proposed in the June 
14, 1957 meeting of the U.N. Disarma- 
ment Subcommittee that the test-ban 
agreement ‘be implemented by scientific 
control posts to be set up in the U.S., 
U.S.S.R., U.K., and Pacific Ocean areas.’ 

“The main techniques for detection of 
nuclear weapons testing are detection of: 
acoustic waves, seismic waves, electro- 
magnetic radiation, radioactivity.” 

Acoustic waves. “Much of the radia- 
tion released in a nuclear explosion gets 
degraded by atomic processes to kinetic 
energy of the air molecules, Except in 
the immediate region of blast effects, this 
disturbance travels with the speed of 
sound and can be detected by sensitive 
microbarometers. This technique accu- 
rately gives the location and time of the 
test, and also gives a measure of the size 
of the explosion (yield in kilotons of 
TNT). The general feeling is that ex- 
cept for deep underground explosions, 
very high altitude tests, and tests of sub- 
nominal yield, nuclear tests can be de- 
tected at very large distances by this 
technique. Thus low-yield tests of just 
a few kilotons TNT equivalent would 
probably require monitoring stations in- 
side the Soviet Union. Low-yield tests 
could probably be detected at distances 
up to a few hundred miles. If we re- 
quire that every point in the Soviet 
Union be within 300 miles of a monitor- 
ing station, about 22 stations would be 
needed within the borders of the Soviet 
Union. This is assuming there are addi- 
tional stations in the free nations border- 
ing the U.S.S.R. A similar density of 
stations would be needed in other pos- 
sible testing areas. In general, the micro- 
barographic technique of detection is 
the most sensitive and would usually be 
the most relied upon.” 

Seismic waves. “In air and surface 
bursts, considerable blast energy is trans- 
ferred to the ground. Thus, all tests 
whether underground or not, give rise to 
seismic waves which can be detected up 
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to a certain distance by seismographs. 
For example, the U.S. Pacific tests of 
1954 were detected by seismographs in 
the United States, Australia, Pakistan, 
Japan, Greece, Sweden, Germany, South 
Africa, etc. Seismic detection techniques 
also tell the location and time of the 
explosion, and can determine the size 
of an underground explosion. 

“As with the acoustic wave, the seis- 
mic wave cannot be detected at large 
distances for sub-nominal tests. For ex- 
ample, the underground Nevada test of 
September 19, 1957 was not detected in 
the eastern United States. The U.S. 
Atomic Energy Commission reported the 
yield of this test as 1 to 3 kilotons TNT. 
However, such underground explosions 
can be detected at distances of 300 miles 
and the signals can be distinguished from 
natural earthquakes. [On 11 March 1958 
the Atomic Energy Commission con- 
firmed that a small underground atomic 
explosion in Nevada on 19 September 
1957 had been detected on official in- 
struments more than 2000 miles away 
in Alaska. In a previous announcement 
the commission had stated that the ex- 
plosion had not been detected beyond 
250 miles.] The initial signal (at dis- 
tances up to a few hundred miles) of a 
man-made explosion is a sharp pulse, 
while the signal from a natural earth- 
quake is of much longer duration. The 
initial seismic waves from a bomb test 
are longitudinal and come from a point 
source, while natural earthquakes ini- 
tially are predominantly transverse and 
usually come from a more extended and 
deeper source. 

“For detection of nominal yield bombs 
at large distances, the acoustic detection 
appears more sensitive than seismic de- 
tection. In the case of deep underground 
tests one must rely completely on seismic 
detection since nearly all of the bomb’s 
energy is dissipated underground. A 
chemical explosion of 0.06 kiloton has 
been detected by seismograph 240 miles 
away....” 

Electromagnetic radiation. “The high 
frequency end of the electromagnetic 
spectrum (x-rays, ultraviolet) is quickly 
absorbed in the atmosphere and con- 
verted to lower frequency electromag- 
netic energy and molecular energy. Thus 
an appreciable part of the bomb energy 
travels in the regions of the electromag- 
netic spectrum where there is little ab- 
sorption; namely, as visible light and 
radio noise. 

“Detection of the visible light at dis- 
tances up to within 300 miles is quite 
simple. One merely points a photocell 
at the sky. It doesn’t matter whether it 
is day, night, clear, or cloudy, As long 
as the test is not deep underground, a 
very distinctively shaped light pulse will 
be observed. The same mechanism 
which gives twilight when the sun (or 
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bomb) is below the horizon will give a 
glow in the sky due to the nuclear ex- 
plosion. Because of the large number of 
photons involved, one. can detect light 
pulses very much smaller in intensity 
than the steady background intensity. 
Earth satellites could also be equipped 
to monitor the electromagnetic radia- 
tion emitted by a nuclear explosion. It 
also appears feasible to detect the light 
flash of the bomb from the moon... . 

“The main limitation to electromag: 
netic radiation detection is the weak- 
ness of secondary scatterings. This tech- 
nique is probably useful up to about 500 
miles.” 

Radioactivity. “According to estimates 
of United States officials, one should ex- 
pect that some of the future tests will be 
‘100 percent clean,’ and that some current 
tests have been’96 percent clean. One 
should keep in mind that ‘100 percent 
clean’ is a practical impossibility due 
to neutron-induced activity in the bomb 
shell and atmosphere. This activity 
should be equivalent to up to | percent 
fission content, so that if we already have 
bombs with only 4 percent fission con- 
tent, there is not much room for im- 
provement. 

“Because of the neutron-induced ac- 
tivity, all except the deep underground 
tests will produce radioactivity which 
may be detected. For example, the Japa- 
nese have detected low-yield Nevada 
tests by collecting dust from air at sea 
level. 

“Because of the rapid decay, one 
would expect to obtain maximum sensi- 
tivity by collecting dust downstream 
from the test at high altitudes. The closer 
to the test, the greater the sensitivity. 
Collection at high altitudes and within 
1000 miles of the test area would require 
monitor aircraft flying within the Soviet 
Union, which would require more sac- 
rifice of internal security than fixed 
ground monitoring stations. Since the 
fixed monitoring stations at distances of 
300 miles give adequate detection, one 
need not rely on detection of radioac- 
VAY. 


Eisenhower on 
Eniwetok Test 


At his news conference on 26 March 
1958, President Eisenhower said that 
the United States will invite foreign sci- 
entists, including Russians, to watch a 
large nuclear explosion at Eniwetok 
Atoll this summer. One purpose of the 
explosion will be to demonstrate prog- 
ress by American scientists in reducing 
fallout. The President also hinted that 
in seeking an agreement with the Soviet 
Union to ban future nuclear tests he 
might not insist on concurrent suspension 
of nuclear weapon production. This 





would represent a change from the Ad- 
ministration’s present policy of linking 
the two items together. 

Invitation to watch test. Following are 
excerpts from the President’s comments 
on the United States invitation to foreign 
observers: 

“In line with what I said to the press 
on July 3, 1957, the United States will 
demonstrate the progress our scientists 
are achieving in reducing radioactive 
fallout from nuclear explosions. 

“To this end, for the first time at any 
test, we are planning to invite the United 
Nations to select a group of qualified sci- 
entific observers to witness at the Pacific 
proving ground this summer a large 
nuclear explosion in which radioactive 
fallout will be drastically reduced. 

“We shall also invite—as we have on 
occasions in the past—a representative 
group of United States and foreign news 
media representatives. 

“The United States scientists have 
been making progress in reducing radio- 
active fallout from nuclear explosions in 
the hope and belief that basic advances 
in both the peaceful and military uses of 
nuclear energy will thus be achieved. 
The advantages to mankind of continued 
progress in this field are obvious. 

“The United States has always pub- 
licly announced in advance its nuclear 
testing programs. We trust that the forth- 
coming tests will provide valuable infor- 
mation to the world.” 

[At this point the President was asked 
whether he could specifically say whether 
observers from Russia and other commu- 
nist nations would attend the tests. ] 

“Of course I cannot tell whether they 
will accept, but we are hopeful that the 
United Nations will designate the Sci- 
entific Committee for Detection, I be- 
lieve it is, of radioactivity, that’s about 
its name, and on that committee are the 
U.S.S.R, Czechoslovakia, the United 
States, the United Kingdom, Canada, 
and a few others and as a matter of fact 
Mr. Hagerty can give you also the entire 
list of nations. [Confers with Mr. Hag- 
erty]. Mr. Hagerty wants me to read 
the full—the United Nations Scientific 
Committee on the Effects of Atomic 
Radiation, that’s the name of the com- 
mittee.” 


Baghdad Pact Nuclear 
Training Center 


The Baghdad Pact Nuclear Training 
Center was established in Baghdad, Iraq, 
in 1956 by the member countries of the 
Baghdad Pact. W. J. Whitehouse of the 
Atomic Energy Research Establishment, 
Harwell, England, was the first director 
of the center and went there in 1957 
with four other members of the Harwell 
staff. The center was formally opened by 
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King Feisal II on 31 Merch 1957, when 
Sir John Cockcroft was elected first 
chairman of its Scientific Council. H. A. 
C. McKay of the Chemistry Division at 
Harwell will succeed Whitehouse in July. 

In its early stages the center is con- 
centrating on the practical applications 
of radioisotopes to the problems of Mid- 
dle Eastern countries and is organizing 
intensive short courses in the uses of 
these materials. Two instructors each 
from Iraq, Iran, Pakistan, and Turkey 
were trained at Harwell during 1956, 
and the United Kingdom also assisted 
by donating equipment and by providing 
staff to supervise, teach, and promote the 
development of the center until local 
personnel were sufficiently trained to 
take responsibility. 


Grants, Fellowships, and Awards 
Latin American Awards. On 1 July 


the Organization of American States 
will inaugurate a new fellowship pro- 


gram, recommended by the Inter-Ameri- ' 


can Committee of Presidential Repre- 
sentatives, that will offer grants for ad- 
vanced study or research to specialists 
throughout the Western Hemisphere. 
Qualified persons who are looking for an 
opportunity to do pure research, improve 
their professional skill through a_post- 
graduate course, or enroll in an advanced 
technical course may apply now to the 
program. The program contemplates ap- 
proximately 170 fellowships for 1958-59 
and a minimum of 500 annually in the 
future. Grants will be made for periods 
ranging from 3 months to 2 years, cov- 
ering such items as travel, registration 
and tuition fees, study or work materials, 
and room and board. Inquiries and re- 
quests for necessary forms may be ob- 
tained from: Technical Secretary, OAS 
Fellowship Program, Pan American 
Union, Washington 6, D.C. 

Marine Biology. The Office of Naval 
Research and the Rockefeller Institute 
are jointly sponsoring the position of 
Jacques Loeb associate in marine biol- 
ogy at the Rockefeller Institute in New 
York and in its laboratories at the Ma- 
rine Biological Laboratory, Woods Hole, 
Mass. Appointment will be for a period 
of 1 year, beginning on or about 1 Sep- 
tember 1958. ‘Fhe .purpose .is- to en- 
courage the interest and increase the 
competence in marine biology of an out- 
standing teacher of biology, preferably 
in a liberal arts college, so that he may 
in turn, through his teaching, further the 
interests of his students in this field. An 
applicant should have a doctor’s degree, 
at least several years of teaching experi- 
ence, preferably be between 30 and 40 
years of age, and be on leave of absence 
from his college or university. The sti- 
pend will be equivalent to his regular 
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salary and employee benefits, with an 
additional allowance to cover extra costs 
incurred in moving, additional rent, and 
so forth. Applications for the position 
should be addressed to Detlev W. Bronk, 
President, Rockefeller Institute, New 
York 21, N.Y. 


Scientists in the News 


HERBERT F. YORK, director of the 
University of California Radiation Lab- 
oratory at Livermore, has been named 
chief scientist of the Defense Depart- 
ment’s new space agency. In his’ new 
capacity, York will head the Division of 
Advanced Research Projects of the In- 
stitute for Defense Analysis. The-insti- 
tute, formed in 1956, is an association 
of five universities that provides the Sec- 
retary of Defense and the Joint Chiefs 
of Staff with scientific evaluations of 
potential weapons systems. EDWARD 
TELLER succeeds York as director of 
the Livermore Laboratory. 


JOHN BUSHNELL, professor of hor- 
ticulture at the Ohio Agricultural Ex- 
periment Station at Wooster, Ohio, for 
the past 35 years, has joined the research 
staff of the Growers Chemical Corpora- 
tion, Milan, Ohio. He will study the re- 
lation of lime and fertilizer solutions to 
the specific gravity of chip potatoes. 


LEON Z. SAUNDERS, former vet- 
erinary pathologist for the Brookhaven 
National Laboratory, has joined Smith, 
Kline & French Laboratories, Philadel- 
phia, Pa., as supervisor of the newly 
created pathology and toxicology sec- 
tion. The section will centralize research 
on the effect, at the cellular level, of new 
agents in laboratory animals. 


WAYNE O. SOUTHWICK, a mem- 
ber of the Johns Hopkins University 
medical faculty, has been appointed as- 
sociate professor of orthopedic surgery 
at the Yale University School of Medi- 
cine, effective 1 July. 


C. E. JACOB, ground-water consult- 
ant and former head of the department 
of geophysics, University of Utah, has 
moved his office from Utah to the Los 
Angeles. area. (Northridge, Calif.). 


WALTER S. McNUTT, formerly as- 
sistant professor of biochemistry at Van- 
derbilt University and at present a sen- 
ior research fellow at the California 
Institute of Technology, has been ap- 
pointed to the staff of the Connecticut 
Agricultural Experiment Station, New 
Haven. He will conduct research in the 
department of soils and climatology on 
the biochemistry of environmental ef- 
fects on plants. 


Sir MacFARLANE BURNET, direc- 
tor of the Walter and Eliza Hall Insti- 
tute for Medical Research at Melbourne 
Hospital, and professor of experimental 
medicine at the University of Melbourne, 
is delivering the 14th biennial Flexner 
Lectures at Vanderbilt University School 
of Medicine. The first three lectures of 
the series, which deals with “Clonal Se- 
lection as Exemplified in some Medically 
Significant Topics,” were delivered in 
March. The final three have been sched- 
uled for 7 April, 25 April, and 28 April. 


ELLIS ENGLESBERG, bacteriolo- 
gist with the Long Island Biological As- 
sociation, Cold Spring Harbor, N.Y., has 
been appointed full professor in the de- 
partment of biological sciences at the 
University of Pittsburgh. 


HAROLD F. TANKE, technical staff 
officer of the Radio Technical Commis- 
sion for Aeronautics Secretariat, Wash- 
ington, D.C., for the past 8 years, re- 
signed this position in March. He is 
returning to duty with the Civil Aero- 
nautics Administration as an electronics 
engineer in region 4, Airport Station, 
Los Angeles, Calif. 


JOSEPH V. CHARYK, formerly di- 
rector of the aeronautics laboratory of 
Aeronutronic Systems, Inc., a subsidiary 
of Ford Motor Company, has been 
named director of missile technology. 
Operations will be carried out at Aero- 
nutronic’s headquarters in Glendale, 
Calif., and in experimental and test 
facilities under construction in Newport, 
Calif. 


PAUL WEAVER, professor of geology 
at Texas A & M College, has received 
the Sidney Powers Memorial Medal of 
the American Association of Petroleum 
Geologists in recognition of his outstand- 
ing contributions to petroleum geology. 


The tenth annual award of the Cor- 
nell University Medical College Alumni 
Association has been presented to PAUL 
F. RUSSELL of the Rockefeller Foun- 
dation “for his outstanding contribution 
to medicine.” 


A. STANLEY THOMPSON, nuclear 
scientist, who was formerly on the staff 
of General Atomic, a. division of the 
General Dynamics Corporation, has 
joined the Nuclear Development Cor- 
poration of America, White Plains, N.Y., 
as manager of engineering operations. 


Erratum: The third sentence of the legend for 
Fig. 2 of the report, “Blocking by picrotoxin of 
peripheral inhibition in crayfish,” by W. G. Van 
der Kloot, J. Robbins, and I. M. Cooke [Science 
127, 521 (7 Mar. 1958)] should have read “The 
inhibitory nerve was simultaneously stimulated 
at a rate of 21 stimulations per second (broken 
line) or at 150 stimulations per second (dotted 
line).” 
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Book Reviews 


The Voyage of the Lucky Dragon. 
Ralph E. Lapp. Harper, New York, 
1958, xiii+ 200 pp. Plates. $3.50. 


Ralph Lapp has sympathetically and 
effectively chronicled the saga of the 23 
unfortunate Japanese fishermen. Victims 
of the vagaries of an uncertain catch, 
they met the short-range fallout of the 
Bikini blast of 1 March 1954 and shared 
the unenviable distinction (with some 
Marshall Island inhabitants) of being the 
world’s first victims of the H-bomb. Ku- 
boyama, the single crew member who 
had any technical comprehension of the 
circumstances, ironically was the only 
one to die. For the others, the clinical 
phase has passed, but collectively they 
seem destined to play a political role for 
some time to come. Lapp’s book, in this 
respect, is remarkably restrained, and he 
would have been remiss in his reporting 
had he not described at least the diplo- 
matic and political repercussions among 
the Japanese and United States govern- 
ments. In this respect the issue of con- 
taminated tuna seems to have out- 
weighed that of the injured fishermen. 

In establishing the personalities of the 
principal fishermen, the book provides 
interesting detail on their way of life and 
on the skills necessary to sustain them. 
Later, the nuclear detective work of Jap- 
anese scientists, in the attempt to identify 
the nature of the fallout, is effectively 
woven into the fabric of the tale. It is 
clear, however, that the culprit (in their 
opinion and in Lapp’s) was forejudged 
to be the U.S. Atomic Energy Commis- 
sion. As the Japanese scientists ably dem- 
onstrated, the nature of the nuclear radi- 
ation to which the fishermen had been 
exposed was easily identifiable. Since the 
amounts and energies of the radiation 
were readily ascertained, it was possible 
to estimate the external exposure. It was 
not necessary, for immediate medical 
purposes, to know the isotopic origin of 
the radiation, so the demand for infor- 
mation on the composition of the bomb 
seems extraneous, But, regardless of the 
validity of the scientists’ reasons for seek- 
ing that data, the narrative clearly shows 
that normal scientific curiosity is capable 
of penetrating many a classification 
barrier. 

Pearl Buck provides a brief ‘Fore- 
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word” in which she says, “Innocent and 
industrious, pursuing their daily duties, 
these men are eternal symbols of what 
can happen to anyone, anywhere, unless 
—what?” It would be unfortunate if this 
query or indeed the events of Lapp’s 
book were interpreted as applying to the 
problem of long-range or world-wide 
fallout. The latter is a separate, no less 
important, issue; unfortunately, no bal- 
anced discussion of it exists. But such 
is not the purpose of The Voyage of the 
Lucky Dragon, a highly readable and ab- 
sorbing book, which is to be recom- 
mended to all, scientist and layman, who 
seek further understanding of our con- 
temporary nuclear dilemma. 

ARNOLD KRAMISH 
Physics Division, 
The Rand Corporation 


Anatomies of Pain. K. D. Keele. 
Thomas, Springfield, Ill., 1957. x + 206 
pp. Illus. $5.50. 


From time immemorial both physician 
and philosopher have speculated upon 
the nature and meaning of pain. The 
physician’s concern has been predomi- 
nantly with pain as a symptom, local in 
origin, whereas the philosopher in the 
pursuit of sensibility in the pleasure-pain 
principle has treated it as a central phe- 
nomenon, material or immaterial. Even- 
tually the two approaches meet in the 
physician and scientist. However, be- 
tween these two positions the pendulum 
of opinion and experimentation has oscil- 
lated ever since, and no accord is yet in 
sight; if anything, the position is more 
uncertain than it was a few years ago, 
for we have come to recognize more 
clearly the difficulties of the problem. 

The author, with very great skill, 
traces these fluctuating views from the 
earliest times to the present: from the 
concepts of primitive man of local spirit 
intrusion to Indo-European thought of 
the heart as the generalized center of 
sensitivity; to the debate of the Greeks, 
from Pythagoras to Galen, on the heart 
versus the brain as the organ of sensa- 
tion; to the enthronement of the brain, 
and the search, from the mediaeval pe- 
riod to Descartes, Willis, Soemmerring, 





and Kant, for the sensorium commune 
and the residence of the soul; to the 
union of the local with the general by 
the discovery of the spinothalamic tract 
as a pathway for pain, with the contribu- 
tions of Bell, Magendie, Schiff, Brown- 
Séquard, Voroschilov, Gowers, Edinger, 
and Spiller; to the laws of specific nerve 
energies and their local bases; and finally 
to 20th century ideas on the anatomy 
and physiology of pain mechanisms. This 
story of the great and continuing diver- 
sity well merits its title and fulfills well 
its object of tracing the anatomicophysio- 
logical concepts “which lie, often uncon- 
sciously, at the roots of our present 
ideas.” 

The work gains in strength and sub- 
stance as it proceeds. The latter chapters 
are excellent, but the earlier, especially 
those which deal with the difficult Egyp- 
tian and complex Greek periods, leave 
something to be desired. For the Egyp- 


tian period the author has relied too : 


much on a single and secondary source, 
Sigerist’s recent History of Medicine. 
Following, but misinterpreting, his 
source, he states that there are two trea- 
tises on the heart and blood vessels, little 
realizing that the so-called treatise in the 
Papyrus Edwin Smith consists of three 
lines (I: 5 to 8) of a gloss which paral- 
lels a statement in Papyrus Ebers. But, 
more important, he is apparently quite 
unaware of the difference in meaning 
between h3tj (the heart as a physical or- 
gan) and ib (the heart and bowels as the 
center of consciousness and sensibility). 
So important was this distinction to the 
ancient Egyptian that it was preserved in 
the texts from the Pyramid age to the 
end of his civilization, in the Ptolemaic 
period. Further, it is quite incorrect to 
say that the ancient Egyptians had “no 
idea of a central nervous system” and 
that they allotted all sensory and motor 
functions to the heart and its vessels; 
even a very superficial acquaintance with 
Papyrus Edwin Smith would show this 
error. Likewise, the significance of the 
mt: w, or vascular system, is lost to the 
author; this is important, for this theory 
leads into early Greek conceptions and 
Aristotle’s position. 

There are a few minor annoyances, 
such as the consistent use of the noun 
for the adjective in the discussion of the 
ulnar nerve (pages 53, 58); praise for 
Galen’s knowledge of the distribution 
of the ulnar nerve to “half of the middle 
finger” (page 51)—a distribution which 
would be highly exceptional; his citing of 
Tertullian (about A.p. 150-200) as, by 
some curious chronological inversion, 
supporting St. Jerome (about a.p. 340- 
420) (page 56); his crediting of Newton 
with a wave theory of sensation when his 
theory was corpuscular, as specifically 
mentioned in the very same paragraph 
of the Principia quoted (page 88); and 
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his ascribing of Spemann’s “organisers” 
to Joseph Needham (page 64). In such 
an undertaking there are bound to be a 
few errors. 

“To ignore the time dimension of any 
problem,” says the author, “is to risk 
misunderstanding it. Particularly is this 
so if, as with regard to Pain, it involves 
neglect of the keenest and most brilliant 
thinkers the world has known.” The his- 
tory and thought on pain has been laid 
out before us, ably and well, in a book 
which all biologists and cliniciaris ‘will 
find valuable as a means of increasing 
their understanding of this fascinating 
problem, perhaps justifying the author's 
hope that they will find there seeds 
worthy of germination. 

J. B. peC. M. SauNDERS 
Department of Medical History and 
Bibliography, University of 
California School of Medicine, 


San Francisco 


Vector Spaces and Matrices. Robert M. 
Thrall and Leonard Tornheim. Wiley, 
New York; Chapman & Hall, London, 
1957. xii+ 318 pp. $6.75. 


Starting with the text by Birkhoff and 
MacLane in 1942, we have seen a steady 
succession of books designed to replace 
the traditional “theory of equations” 
course with one that presents portions 
of modern algebra at a level suitable for 
undergraduates. Some authors have cen- 
tered on the notions of group and ring; 
others have elected to develop the basic 
concepts of finite dimensional linear 
spaces. All are motivated by the need to 
place this material at an earlier stage in 
the training of mathematicians, physi- 
cists, engineers, and behavioral scientists. 

The present book belongs in the sec- 
ond category. In the first seven chapters 
(195 pages), the reader will find a de- 
tailed treatment of finite dimensional 
vector spaces over a field, and their as- 
sociated linear transformations. Matrices 
appear as representations of transforma- 
tions, under a specific choice of basis. 
The relations of equivalence and simi- 
larity for matrices are given brief treat- 
ments, with the latter confined for the 
moment to the case of distinct eigen- 
values. Bilinear and quadratic forms are 
introduced, and the usual classification 
theorems for symmetric matrices are ob- 
tained. Determinants appear in chapter 
3, defined by induction on the order; 
later, in chapter 6, they are character- 
ized in the usual way as special multi- 
linear functions. Chapter 4 contains a 
treatment of the solution theory for sys- 
tems of linear equations. 

The remaining four chapters (112 
pages) take up some topics not usually 
regarded as suitable for an undergrad- 
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uate course, There is an excellent treat- 
ment of the polynomial ring F[x] over a 
field F and of the theory of simple alge- 
braic extensions of F, presented as quo- 
tient rings of F[x]. This is used to discuss 
matrix algebras with entries in a ring 
and some of the simpler properties of 
vector spaces (modules) over a ring; for 
this discussion the ring of integers and 
F{x] are chiefly used. Here also is to be 
found the general study of similarity for 
matrices with nondistinct eigenvalues, as 
well as many additional topics. Finally, 
the last chapter ‘contains a terse account 
of some of the basic existence theorems 
for linear inequalities, with applications 
to linear programming and game theory. 

The authors have produced a compe- 
tent and comprehensive book; one who 
studies it with care, and masters the 
extensive collection of exercises, will 
emerge with an excellent command of 
the classical techniques of matrix theory 
and some appreciation of the more ab- 
stract approach. An instructor, however, 
might do well to examine several other 
books in this area before selecting this 
as the text for an undergraduate course. 
The pace is uneven; for example, in the 
space of several short paragraphs (page 
61), one meets the concepts of group, 
ring, and algebra. Some key aspects of 
modern algebra, elementary in nature, 
are noticeable by their absence; in chap- 
ter 8, devoted to ring theory, the term 
homomorphism is used only in connec- 
tion with a linear transformation (page 
32), and no general connection is made 
later when ideals are introduced (page 
205). Nevertheless, for a more advanced 
reader who already has some knowledge 
of the elements of algebra, the book will 
provide a detailed introduction to the 
classical matrix theory, out of which so 
much of the recent development in al- 
gebra has sprung. 

R. C. Buck 

Mathematics Department, 
University of Wisconsin 


Phenazines. G. A. Swan and D. G. I. 
Felton. Interscience, New York, 1957. 


xix + 693 pp. $22.50. 


This volume deals with the chemistry 
of phenazine (9,10-diazaanthracene) and 
its derivatives (by G. A. Swan of Kings 
College) and with the condensed mono- 
and polybenzophenazines and their de- 
rivatives (by D. G. I. Felton of the Brit- 
ish-American Tobacco Company, Ltd.). 
These are treated essentially in the order 
in which .they appear in Patterson and 
Capell’s Ring Index. 

Several dyestuffs of considerable com- 
mercial importance, such as the safra- 
nines, indulines, nigrosines, aniline black, 
and indanthrones, fall into this series, 


but the treatment is not one especially 
designed for a dye chemist but one 
adapted to the needs of any organic 
chemist interested in investigating these 
particular types. This is not a compila- 
tion of every such compound known, but 
it does make frequent use of tables to 
summarize many examples of a certain 
group. The text is documented with over 
2000 references and has a section of 
addenda, including 145 references, which 
covers the.literature through most of 
1956. « 

This volume does an excellent job of 
reviewing this field thoroughly and ex- 
pertly. The authors are to be congratu- 
lated on the service they have rendered. 
The formulas and tables are beautifully 
presented, and I have nothing but praise 
for the resulting product, which main- 
tains the over-all high quality of the 
Weissberger series. 

This is a very specialized book and a 
fairly high-priced one. Few will want it 
for their private use, but it should be a 
required addition to any technical li- 
brary of organic chemistry. 

Harry S. MosHer 
Department of Chemistry, 
Stanford University 


Advances in Electronics and Electron 
Physics. vol. IX. L. Marton, Ed. Aca- 
demic Press, New York, 1957. x + 347 
pp. Illus. $9. 


Volume IX of Advances in Electronics 
and Electron Physics represents a drastic, 
though temporary, change from the 
earlier volumes, being devoted entirely 
to geophysics. According to the editor: 
“In this volume, we have two aims: one 
is to help acquaint geophysicists and 
their allies with some of the modern 
methods at their disposal; and the other, 
to acquaint workers in electronics with 
the very interesting problems posed by 
geophysicists.” After reading the volume, 
however, one is likely to conclude that 
the editorial aims and the contents are in 
only very partial agreement. 

This is not meant to imply that the 
contents are not informative or interest- 
ing, for they are. But a geophysicist con- 
cerned with instrumentation, for exam- 
ple, will find it stressed in only two of the 
articles: “Electronics in oceanography” 
(J. B. Hersey) and “Contributions of 
electronics to seismology and geomag- 
netism” (B. S. Melton). On the other 
hand, a worker in electronics looking for 
interesting geophysical problems will 
find them primarily in the article “Au- 
rora borealis” (C. _T. Elvey) and in the 
article on oceanography already men- 
tioned. Both of these, but especially the 
latter, will appeal to many readers. 

The remaining articles are good re- 
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views that will appeal to the specialist 
rather than expositions for more general 
consumption. More or less in order of 
increasing specialization, they are: 
“Radio observation of meteors” (J. A. 
Davies), “Intensity variations in cosmic 
rays” (D. C. Rose), “Radio-wave propa- 
gation” (R. L. Smith and D. C. Rose), 
and “Negative ions” (L. M. Branscomb). 
Now some concluding comments: A 
volume organized around a single theme 
can certainly play a most useful role. But, 
in my opinion, the results would be much 
more valuable for the regular subscribers 
to these volumes if the theme remained 
within the area normally covered. Cross- 
fertilization is an admirable goal, but it 
might be better for all concerned to leave 
this task to the several excellent publi- 
cations that are exclusively devoted to it. 
Kees Bor 
Gordon McKay Laboratory, 
Harvard University 


An Introduction to Automatic Digital 
Computers. R. K. Livesley. Cam- 
bridge University Press, New York, 
1957. viii +53 pp. Illus. + plates. $1.75. 


This book provides a first, quick look 
at the digital computer, so that an engi- 
neer or scientist can make a rough ap- 
praisal of the value of using one in his 
work, The reader is expected to have no 
specialized knowledge of the field. 

The emphasis is on the applications 
that can be made of an automatic digital 
computer and on what a person does in 
order to use it. The question of what is 
inside the machine is treated only to the 
extent necessary to provide enough back- 
ground information to make the rest of 
the book intelligible to a scientifically 
inclined person. 

In the first 13 pages the reader learns 
to program a simplified stored-program 
machine. This chapter can be merely 
read and it will seem plausible; but if 
the reader goes through the examples in 
detail and works the suggested exercises, 
he will learn what a stored program 
really is. It is well known that program- 
ming is learned best by doing rather 
than by reading. However, the more 
casual reader will find that he does not 
have to do the exercises in order to un- 
derstand the rest of the book. 

The next chapter treats input, output, 
and storage of numbers, so that one gets 
a rather good idea of how it is possible 
for a machine to do the things discussed 
elsewhere in the book. Then the subject 
of programming is considered in a quali- 
tative, over-all way. Finally there is a 
discussion of what problems have been 
solved by machines, and of future pros- 
pects. 

The principal shortcoming of the book 
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is that the author does not seem to realize 
how good our modern machines really 
are, how bright the prospects for the fu- 
ture seem, and how deep an understand- 
ing of programming has been gained. 
This can probably be explained by the 
fact that he has been associated with the 
rather small machine at Manchester Uni- 
versity rather than with the hundreds of 
much more powerful machines now in 
operation in the United States. The book 
is based on a_ set of lectures that were 
designed to acquaint people with this 
machine and with the general subject. 

For example, he says, “. . . machine- 
produced programs take longer to run 
and use more storage space than the 
equivalent human product. . . . It does 
not seem likely . . . that machines will 
ever be able to carry out the broader 
aspects of programme design.” How- 
ever, modern automatic programming 
techniques often produce a better pro- 
gram than even very good human pro- 
grammers, unless the human _ beings 
spend an uneconomical amount of time 
on the project. We have already done 
what Livesley predicts will never happen. 

Then he says, “. . . the speed of a 
computer is 100 to 500 times that of a 
human being equipped with a desk cal- 
culator.” There are hundreds of installed 
machines with a-speed of 10,000 to 50,- 
000 times that of a human being with a 
desk calculator. In the engineering stage 
are machines that are 100 to 1000 times 
again as fast. 

With the exception of the overly con- 
servative appraisal of achievements and 
prospects, the book is excellent, and it 
deserves to be read. 

NATHANIEL ROCHESTER 
Research Center, International 
Business Machines Corporation 
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Temperatures of a Close 
Earth Satellite Due to 
Solar and Terrestrial Heating 


For a satellite sufficiently high in the 
earth’s atmosphere so that it has any con- 
siderable orbit lifetime, practically all 
heat exchange must be by radiation. Al- 
though considerable heat would be re- 
ceived from terrestrial reflection and re- 
radiation, the predominant source will 
be solar. 

The theory of planetary temperatures 
to be expected according to Stefan’s law, 
E=oT*, has been treated thoroughly by 
several writers (J-4). A direct deriva- 
tion, used by most writers, of the steady- 
state temperature of a surface at the 
earth’s distance from a vertical sun util- 
izes the observed solar constant for E 
and the known Stefan-Boltzmann con- 
stant in the above equation. We will 
show here only an independent deriva- 
tion of this temperature as found by util- 
izing the observed effective color tem- 
perature of the sun according to Wien’s 
law as 6150°K, and the observed solar 
parallax, which implies a linear solar 
radius of 433,000 miles and a mean dis- 
tance of 93 million miles. Thus, the 
radiation from the photosphere would 
lead to the relation for a black body 
giving maximum equilibrium tempera- 
ture Tax, at the earth’s distance as: 


T sii )*=( lly 
6150°K) ~ \93,000,000/, 


giving 





T max. = 418°K. 


This result is completely independent of 
pyrheliometric data; the latter yield a 
temperature some 25° lower. Observa- 
tional confirmation of the present result 
is indicated by Pettit and Nicholson’s de- 
termination (4, p. 118) of the central 
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Reports 


full-moon radiation temperature as 
407°K, which, multiplied by the gray 
body approximation factor (1+A)*%, 
using their determination of the moon’s 
radiometric albedo A=0.093, gives ex- 
actly 417°K as its true subsolar tempera- 
ture. On a relatively rapidly rotating 
body such as an artificial satellite, no 
point except the pole of a spin axis di- 
rected toward the sun could satisfy even 
the geometric conditions, and its small 
size combined with good heat conductiv- 
ity preclude any close approach to such 
a high temperature, even on the skin. 

For points on a surface inclined by an 
angle ¢ to solar radiation, the energy re- 
ceived must be multiplied by cos ¢. 
Since on a sphere the mean value of 
cos # is 2, and only half the surface 
is sunlit at any moment, the mean in- 
coming energy corresponds to 14, and the 
resulting mean absolute temperature of 
all parts of the satellite to %2* of the 
maximum found above—that is, T,= 
296°K for a black satellite in sunlight 
100 percent of the time. Then, also, time 
spent in the earth’s shadow is propor- 
tional to a further reduction in incoming 
energy, so that, in general, 


T= (296°K) (F)*%, 


where F is the fraction of time the 
satellite is sunlit, represents the time 
mean of temperature for all parts of the 
satellite due to direct solar heating alone. 
For a likely percentage of time in sun- 
light of 80 percent—that is, F =0.8— 
the corresponding mean T,=281°K= 
8°C. Central internal parts of an arti- 
ficial satellite would remain near 8°C; 
less protected parts near the surface 
might vary between 22°C or higher when 
the satellite is in sunlight, down to —- 6°C 
or lower when it is in eclipse. These are 
black-body temperatures and neglect all 
energy received from the earth. 

The mean effect of terrestrial plane- 
tary radiation can be shown to be prac- 
tically negligible, as follows. For a satel- 
lite at a height of 10 percent of the 
earth’s radius, the radiation energy 
would fall off 20 percent, thus reducing 
the planetary temperature of 296°K by 
5 percent to 281°K, which is identical 
with that due to solar heating, as found 
above for a satellite sunlit 80 percent of 
the time. 

The effect due to terrestrial reflection 


of sunlight is much more considerable 
but uncertain, depending as it does on the 

mean radiometric albedo of the earth. 

Considering that Pettit and Nicholson 

(4, p. 134) have estimated the moon’s 

radiometric albedo at less than 10 per- 

cent and that the lower. latitude areas 

under the satellite may be darker than 

average, 30 percent seems a safe maxi- 

mum estimate of the earth’s effective 

radiometric albedo (5). Also, the maxi- 

mum angular diameter of the earth from 

a satellite at workable orbital height is 

about 140°, so that it covers only (1 - 

sin 20°) =2/3 of a hemisphere, and the 

mean cosine of reflection angle would 

be %. Hence, the maximum estimated 

energy reflection from the earth to the 

satellite would be about 10 percent of 
that received directly from the sun. How- 

ever, since the earth would be effectively 

“full” to the satellite only half the time 
on the average, the mean energy re- 
ceived should be increased by a factor 
of not more than 1.05 over that assumed 
for computing temperatures due to solar 
heating alone. These mean black-body 
temperatures should thus be increased 
by a factor of no more than (1.05)%= 
1.013, leading to T,=(300°K) (F)%, 
considering both solar and terrestrial 
heating. For a black satellite in sunlight 
100 percent of the time, T, = 27°C; for 
80 percent in sunlight, T, = 12°C. These 
are the highest mean temperatures to be 
expected, provided that the total solar 
absorptivity and thermal emissivity are 
equal (that is, the gray-body approxima- 
tion holds) and that the satellite has no 
internal source of heat. 

For an artificial satellite the total solar 
radiation absorptivity a and thermal 
emissivity ¢ of its surface can be deter- 
mined experimentally before launching. 
The surface total reflectivity or radio- 
metric albedo is (1—a). The resultant 
heating energy would be that of a black 
body, multiplied by a/e, so that the ac- 
tual mean temperature would be T, = 
(300°K) (aF/e)*. 

A recent report (6) gives these data 
for possible satellite shell materials. For 
typical aluminum alloys the ratio a/e 
varies from less than 1/3 when the sur- 
face has been coated with silicone to 
about 3 when the surface is clean and 
polished. Since the resulting fourth root 
factors vary between 0.77 and 1.3, the 
corresponding range on mean tempera- 
ture is 


(231°K) (F)% < Ts < (390°K) (F)%. 


Evidently the surface characteristics of 
an artificial satellite could be adjusted 
to produce any desired mean tempera- 
ture within this range, say 37°C = 310°K 
for F=1. For this temperature a/e = 
(31/30)*=1.13 would thus be a satis- 
factory ratio of absorptivity to emissiv- 
ity. 
Finally, it should be emphasized that 


gil 








the relations developed above specify 
how all these predicted temperatures de- 
pend upon the assumed effective tem- 
perature of the sun, and, to a much less 
degree, on the radiometric albedo of the 
earth. Reversing these relations, an im- 
mediate implication of the temperatures 
telemetered from actual satellites of 
which heating characteristics are known 
would thus be improved estimates of the 
heating characteristics of earth and sun. 
Raymonp H. Wirson, Jr. 
Project Vanguard, U.S. Naval 
Research Laboratory, Washington, D.C. 
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Difference in Response of 
Phosphatases in Chick Embryo 


to Injection of Substrate 


Recent studies have shown that the 
administration of appropriate substrates, 
both in vivo and in culture, can bring 
about an increase in the activities of cer- 
tain enzymes in tissues of the chick em- 
bryo (1). As part of our work on the 
functional differentiation of the small in- 
testine (2,3), we examined the influence 
of an injected phosphate ester on the 
alkaline phosphomonoesterase activity 
of the chick embryo duodenum. Obtain- 
ing positive results in this attempt, we 
have extended our investigations to other 
organs and to acid phosphomonoesterase 
in order to determine whether the re- 
sponse we obtained is peculiar to one 
phosphatase in one organ, or is more gen- 
eral. These experiments have led to the 
discovery that although alkaline phos- 
phatase is always elevated under the 
conditions we have employed, acid phos- 
phatase is in all cases unaffected or is 
decreased slightly. 

In the tests reported here, 25 mg of 
disodium phenylphosphate in 0.1 ml of 
isotonic saline was injected into the 
chorioallantoic vesicle daily, beginning 
at 14 days of incubation. At 17 days the 
eggs were opened, the embryos were 
weighed, and samples of duodenum, 
liver, mesonephros, and_ metanephros 
were removed, Enzyme assays were run 
on total homogenates of these tissues, 
with phenylphosphate being used as sub- 
strate (2). Individual determinations in- 
volved from 0.5 to 1.5 mg of fresh tissue 
in 3.25 ml of fluid (approximately 2 to 
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10 ug of nitrogen per milliliter). ‘The 
alkaline phosphatase was determined at 
pH 9.6 in the presence of 0.01M MgCl,, 
the acid phosphatase at pH 5.4. 

The results (Table 1) reveal that ad- 
ministration of substrate increases the 
alkaline phosphatase activity not only in 
the duodenum, in which the enzyme is 
normally accumulating rapidly during 
the test period, but also in the two kid- 
neys, in which it is accumulating at a 
lower rate, and in the liver, in which it 
decreases somewhat. The effect on liver 
is also interesting because the enzyme is 
not associated with brush borders in this 
organ, as it is in the intestine and the 
kidneys. Acid phosphatase is not affected 
or is even lowered slightly in the same 
samples in which the alkaline phospha- 
tase is increased. Total nitrogen content 
is not significantly altered by phosphate 
injection except in the metanephros, in 
which the nitrogen content of the experi- 
mentals is about 10 percent less than that 
of the controls. 

Since duodenal phosphatase may be 
elevated in the chick embryo by adrenal 
stimulation (4), the possibility presents 
itself that the enzyme increases reported 
in this paper are secondary to a general 
stress effect resulting from the adminis- 
tration of an abnormal substrate, or from 
release of phenol from the substrate. 
This possibility may be eliminated, for 
three reasons. First, the treated embryos 
at 17 days are as heavy as the controls 
and are capable of developing normally 
beyond the test period; their meso- 
nephric weights also are the same as 
those of the controls. Second, the admin- 
istration of phenol and dibasic sodium 
phosphate in quantities equivalent to 
those contained in the disodium phenyl- 
phosphate used in the principal experi- 





ments brought about no change in the 
alkaline or acid phosphatase content of 
the duodenum. Third, phenylphosphate 
(but not phenol) produced a significant 
increase in the alkaline phosphatase con- 
tent of isolated duodenal fragments cul- 
tured in Earle’s saline solution or Eagle’s 
nutrient medium, as compared with frag- 
ments cultured without substrate. Thus 
one may infer that the effects observed 
in vivo are not dependent on the inter- 
mediation of organs other than the af- 
fected organ. These experiments will be 
reported in detail later. 

Other experiments now in progress are 
concerned with the effectiveness of other 
phosphate esters in inducing increase of 
alkaline phosphatase. Beta-glycerophos- 
phate (25 mg/day) has thus far given 
only slight and inconsistent results. 
Phenolphthalein phosphate (25 mg/day) 
is ineffective. Beta-naphthyl phosphate 
(25 mg in 0.5 ml of fluid per day) pro- 


duces no change after 2 days. Since both , 


the acid and alkaline enzymes have 
strong affinity for all these substrates, it 
may be that in embryonic tissues, as in 
microorganisms (5), a suitable substrate 
is not necessarily an effective inducer. 
This point is being further examined in 
in vitro experiments. 

The uniformity of the difference of re- 
sponse of acid and alkaline phosphatase 
in all organs studied suggests that the ex- 
planation for the difference is not to be 
sought in terms of the intracellular asso- 
ciations of the enzymes, which vary con- 
siderably among the tissues we have 
examined, but rather in the nature of 
the enzymes themselves, or in the en- 
zyme-forming systems. Before this ques- 
tion can be profitably approached, it is 
necessary to consider whether the posi- 
tive results we have obtained are due to 


Table 1. Phosphatase in tissue of chick embryos injected with disodium phenylphosphate 
(+ Php) or saline (~ Php) between 14 and 17 days of incubation. Phosphatase activity 
is given in micrograms of phenol liberated per 10 wg of nitrogen in 30 minutes. Each 
value is the average of 8 to 22 determinations and is followed by the standard error of 


the mean. 


Phosphatase activity 


Tissue 14 days 
- Php - Php 

Duodenum 

alkaline ROL ULT 8.7 + 0.42 

acid 1.9+0.16 2.6+0.15 
Liver 

alkaline 1S £0.36 4.7+0.24 

acid 4.9+0.41 6.5 + 0.32 
Mesonephros 

alkaline 18.4 + 1.58 29.4 + 3.13 

acid 8.7 + 0.32 11.5 + 0.64 
Metanephros 

alkaline 9.8+0.71 14.8 + 1.12 

acid 5.3 + 0.29 


7.6+0.21 


17 days 
oO are 
+ Php paPos cag P 

14.8+0.85 + 70.1 < 0.01 

2.8+0.10 = oe < 0.8 

7.9 + 0.43 + 68.1 < 0.01 

6.3 + 0.37 -» »§.2 > 0.5 
48.4 + 3.13 + 94.1 < 0.01 
11:3 £0.38 = Abd > 0.5 
42.5 + 2.09 + 187.1 < 0.01 

6.8 + 0.23 = 10.5 < 0.02 
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the increase of a single alkaline phospho- 
monoesterase, or of a complex of phos- 
phomonoesterases, or of one enzyme in a 
complex having many characteristics in 
common. This is among other aspects 
of the problem now being more fully 
investigated (6). 

YosHIHIRO Kato 

FLORENCE Mooc 
Department of Zoology, Washington 
University, St. Louis, Missouri 
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Synergistic Action of 
Ethylenediaminetetraacetate 
and Radiation on Yeast 


When radioisotopes are used as radia- 
tion sources in studies with growing cul- 
tures of microorganisms, it is essential 
that the isotope be kept evenly distrib- 
uted throughout the suspension. This is 
particularly true with isotopes emitting 
alpha particles whose ranges are only a 
few microns. The use of plutonium and 
polonium as sources of alpha radiation 
in growing cultures is complicated by 
their tendency to be adsorbed on or 
taken up by the cells. The chelating agent 
ethylenediaminetetraacetate (EDTA) is 
known to depress the deposition and pro- 
mote the excretion of plutonium in ani- 
mals (J, 2). The present investigation 
was initiated to determine whether 
EDTA would also be effective in de- 
creasing or preventing the uptake of plu- 
tonium in growing cells and permit the 
use of plutonium as an alpha radiation 
source in cultures of microorganisms. 

Growth studies were conducted with 
a diploid strain of Saccharomyces cere- 
visiae cultured at 30°C in an autotur- 
bidimeter which automatically recorded 
changes in the optical density of the sus- 
pension (3). Plutonium in 0.2N nitric 
acid was added directly to a sterile, 
chemically defined medium. Sodium 
EDTA was used at a concentration of 
3x 10-4 M in all tests except those de- 
signed to evaluate the effects of varying 
concentrations of this compound. 

The growth of yeast in the presence of 
plutonium and EDTA is shown in Fig. 
1(A). The increase in optical density of 
the cultures is indicated by a plot of 
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autoturbidimeter readings against time. 
Growth was not altered by EDTA, but 
it was delayed approximately 3 hours by 
0.5 uc of plutonium per milliliter. With 
EDTA and plutonium present, a syner- 
gistic effect was observed and the inhibi- 
tion of growth was much more pro- 
nounced. 

Because other work in our laboratories 
had shown that EDTA was metabolized 
by yeast, it appeared that this additional 
inhibition possibly resulted from EDTA 
carrying chelated plutonium into and 
concentrating it in the cells. To test this 
supposition the concentration of plu- 
tonium associated with the cells was 
tested in both growing and nongrowing 
cultures. Under both conditions less plu- 
tonium was associated with the cells 
when EDTA was present than when it 
was absent from the medium. From this 
it appeared that the effects from EDTA 
were not due to an increased radiation 
dose in cells exposed to EDTA and plu- 
tonium, 

Since the EDTA appeared to augment 
the radiation effects from plutonium, it 
was necessary to determine whether this 
was specific for plutonium or was a gen- 
eral synergistic effect with any radia- 
tion. Beta radiation from tritium was 
used because the tritium would not be 
chelated by the EDTA and would be uni- 
formly distributed through the culture. 
Tritium oxide was added to the sterile 
medium, and growth curves were deter- 
mined as before. Figure 1(B) shows 
growth curves for yeast grown in the 
presence of tritium and EDTA. As be- 
fore, EDTA had no effect on growth in 
the control tubes. Tritium, at 90 mc/ml 
of growth medium, produced a marked 
inhibition of growth. This inhibition was 
doubled by the presence of EDTA with 
this and lower concentrations of tritium. 
The effect of EDTA thus appeared to be 
that of a general synergistic action with 
radiation. 

By employing higher concentrations of 
sodium EDTA it was possible to obtain 
greater synergistic effects of EDTA with 
radiation. However, higher concentra- 
tions of EDTA also inhibited growth 
in unirradiated control cultures. 

These results suggested either that 
radiation increased the sensitivity of yeast 
to EDTA or that EDTA increased the 
sensitivity of yeast to radiation. If radia- 
tion increased the sensitivity of yeast to 
EDTA, then exposure of yeast to x-radia- 
tion with subsequent growth in EDTA 
should result in a decreased rate of 
growth. However, EDTA in the growth 
medium did not affect the inhibition of 
growth produced by a single exposure of 
the inoculum to 300,000 r delivered 
either at the rate of 2000 or 13,000 
r/min. Also, incubation of yeast in EDTA 
for 2 hours prior to x-radiation did not 
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Fig. 1. Growth of yeast in the presence of 
(A) plutonium and EDTA and (B) trit- 
ium and EDTA. 


alter its ability to grow either in liquid 
culture or on nutrient agar. 

It is not possible at the moment to 
specify the mode of action by which 
EDTA amplifies radiation sensitivity. It 
appears probable, however, that the 
effect is produced by a general change 
in the electrolyte balance of the cell 
rather than by a specific deficiency of 
calcium since the addition of calcium 
to some of the cultures did not alter the 
effect of the EDTA. An effect of electro- 
lyte concentration on the radiosensitivity 
of the respiratory system of yeast has 
been observed by Bair and Stannard 
(4). The ability of EDTA to produce 
chromosome aberrations and to increase 
the rate at which aberrations are pro- 
duced by radiation administered at low 
dose rates has been reported by Wolff 
and Luippold (5), as have also more gen- 
eralized effects on ionic balance which 
in turn affects chromosome 
(6; 7}; 

Because EDTA increases the apparent 
radiosensitivity of yeast, its use in radia- 
tion studies may be limited to those in 
which this property is of interest (8, 9). 

W. J. Bair 
F. P. Huncate 
Biology Operation, Hanford 
Laboratories, General Electric 
Company, Richland, Washington 
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Observations on Flea Transfer 
between Hosts; a Mechanism in the 
Spread of Bubonic Plague 


A particularly important problem in 
plague epidemiology is concerned with 
the method of transfer of the disease 
from one rodent species to another. Since 
enzootic plague is known to be estab- 
lished in at least 15 of our western 
states, in western Canada, and in Mex- 
ico, the mechanism of plague transfer 
from wild rodents to domestic rats in 
the vicinity of human habitations is a 
particularly important question (J). 
Many investigators have suggested that 
the primary mechanism of plague spread 
is by transfer of infected fleas between 
hosts (2). Convincing circumstantial evi- 
dence that, in rural areas with a large 
rat population, the infection chain of 
“squirrel—squirrel flea—rat” may operate 
was obtained in studies of a plague epi- 
zootic in Ventura County, California 
(3). Although the evidence has been 
highly suggestive, the actual transfer of 
fleas from host to host has never been 
demonstrated. 

The means for evaluating ectoparasite 
transfer more precisely were obtained 
through the development of a method 
for tagging fleas and other arthropods 
with Ce14* (4). By use of the California 
vole (Microtus californicus), domestic 
rats (Rattus norvegicus) and radioac- 
tively tagged wild rodent fleas (Malar- 
aeus telchinum), a preliminary study of 
flea transfer was conducted in experimen- 
tal plots simulating field conditions. 
These plots were enclosed by steel 
screens and provided soil and native 
grasses for the establishment of the 
rodents. In one type of experiment, male 
and female Microtus were toe-clipped 
for identification and allowed to estab- 
lish nests; then tagged fleas were placed 
on certain individuals. Traps were set 
each day, and the captured animals were 
lightly anesthetized. The fleas were re- 
moved, and checked for radioactivity, 
and then returned to the hosts. In an- 
other experiment, three rats were main- 
tained in a closure adjacent to three 
Microtus harboring tagged fleas, or the 
rats were allowed to enter the vole en- 
closure after the wild rodents had been 


killed or while they were alive. In all 
cases, a survey meter, Nuclear model 
2612 equipped with a mica end-window 
probe, was used to scan the animals and 
fleas removed from them. The radioac- 
tivity of each flea was checked at the 
end of each trial with a RIDL scaler 
equipped with an end-window counter, 
Scott type. 

Table 1 summarizes typical data on 
the movement of tagged fleas between 
individual Microtus. It should be noted 
that fleas transferred between animals, 
were found in nests, and were eaten by 
the animals, as was shown by radioac- 
tive feces. Thirty to sixty percent of the 
fleas were recovered from Microtus and 
their nests after periods ranging from 
13 to 21 days. 

The movement of radioactively tagged 
wild rodent fleas from the voles to the 
rats may be summarized as follows: 30 
tagged fleas were introduced via the 
Microtus; while the Microtus were alive, 
none of these were found on the sepa- 
rated rats; after the Microtus were killed 
by snap-trapping, seven flea transfers 
were noted when the rats had entered 
the area with the dead voles; no transfers 
were noted on three new Microtus placed 
in the enclosure after the rats were again 
separated; 30 tagged fleas were placed 
on the new Microtus, and 12 transfers 
to rats were noted when the rats were 
allowed in the area with the live voles. 
Of the 60 fleas placed on the Microtus, 
none was found in Microtus nests, and 
27 were recovered from the rats’ nests. 
Radioactivity was found in Microtus 
feces twice, once in rat feces. Of the 
total fleas added, 49, or 81.6 percent, 
were accounted for during a period of 
56 days. It should be noted that over 50 
percent of the fleas accounted for were 
recovered between days 50 and 56. The 
fleas showed an initial average count of 
(6.2 to 8.5) x 102 counts per flea per 
minute, and after 56 days, (3.6 to 5.1) x 
102 counts per flea per minute. 

Under actual plague epizootic condi- 
tions, the coexistence of Microtus, Ma- 
laraeus, and Rattus has been postulated 
to be a significant relationship in a com- 
plex ecological situation in which other 
flea and rodent species are involved (5). 
Further studies on flea transfer under 


Table 1. Movement of radioactively tagged wild rodent fleas, Malaraeus telchinum, be- 
tween one male and two female voles, Microtus californicus. 














No. ti No. fleas Percent 
Trial No. fleas Sex of | Days of No. flea ai ee recovered fleas 
No. added host trial transfers oa career accounted 
espe lnateor Animal Nest for 
1 40 M 18 21 4 11 16 67 
2 10 F 21 9 not checked 5 no nest 50 
3 10 F 18 21 not checked 3 no nest 30 
4 12¢ F 6 8 1 0¢g 0¢ 36 
13 9 F 49 49 
5 150 F 13 40 not checked 2c 3¢o 62 
11 9 F 62 59 
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actual field conditions are being planned 
to confirm and extend the obserevations 
reported here (6). 
W. V. HartweE.i 

S. F. Quan 
Communicable Disease Center, U.S. 
Public Health Service, 
San Francisco, California 

K. G. Scorr 
Department of Radiology, 
University of California, 
School of Medicine, San Francisco 

L. KarTMAN 
Communicable Disease Center, U.S. 
Public Health Service, San Francisco 
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Presence of Polyamines in 
Certain Bacterial Viruses 


Recent studies from this and other 
laboratories have shown the wide distri- 
bution of the polyamines putrescine 
[NH,(CH,),NH,], spermidine [NH, 
(CH,),NH(CH,),NH,], and spermine 
[NH, (CH, ) sNH (CH, ) ,NH (CH, ); 
NH,] in nature (1-3). Little is known of 
their function, but their importance is 
implied by their roles as growth factors 
for several microorganisms (4) and as 
substrates for amine oxidases (5), and 
by their pharmacological effects (1). A 
possible functional connection with nu- 
cleic acids is suggested by the in vitro 
affinity of spermidine and spermine for 
nucleic acids and by the recovery of a 
considerable quantity of these bases 
from the nuclear fraction of liver cells 
(3). The studies on polyamines and the 
unanswered question about what com- 
pounds neutralize the negatively charged 
phosphate groups of the deoxyribonu- 
cleic acid (DNA) in bacteriophage (6) 
led to the present study of the polyamine 
content of phage. 

Putrescine and spermidine are present 
in phage T, of Escherichia coli B in 
quantities sufficient to neutralize much 
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of the viral DNA; these polyamines ap- 
pear to be the unidentified compounds 
recently found by Hershey to be injected 
into E. coli along with the DNA of phage 
T,, while the phage protein remained 
outside (7). 

Carbon-14 labeled putrescine is incor- 
porated into spermidine in E. coli B, and 
these amines are then transferred to the 
phage. These findings are consistent with 
previous work showing that putrescine 
and spermidine are present in consider- 
able amounts in E. coli (2, 8) and that 
spermidine is synthesized from putres- 
cine and methionine (9, /0). 

Cultures of E. coli B were grown in 
minimal medium (11), and were either 
harvested or infected with phage T,r* 
while they were in the logarithmic phase. 
Putrescine and spermidine were extracted 
from suspensions of washed bacteria or 
purified phage (/2) with hot 5 percent 
trichloroacetic acid. The bases were 
separated by ion-exchange chromatogra- 
phy on Dowex 50 (X2, 200-400 mesh) 
and were assayed colorimetrically as the 
dinitrophenyl derivatives, as previously 
described (1). Phosphate analyses were 
done on the phage after ashing (/3). 

The identity of the compounds recov- 
ered from the phage was established by 
ion-exchange and paper chromatography 
and by recrystallization with carrier to 
constant specific activity. Both com- 
pounds were eluted from Dowex 50 in 
the expected fractions, and the putres- 
cine peak was further characterized by 
rechromatography on Amberlite XE-64 
(1). Paper chromatography was per- 
formed in an isopropanol-HCl solvent 
(7, 14), which separates putrescine, 
spermidine, spermine, agmatine, and 
propanediamine. The putrescine and 
spermidine peaks from the Dowex elu- 
ates each showed single ninhydrin spots 
on the paper chromatograms. These 
spots had the same Ry values, respec- 
tively, as synthetic putrescine and sper- 
midine (0.30 and 0.18) and contained 
all the applied radioactivity. Both com- 
pounds showed constant specific activity 
upon recrystallization with synthetic car- 
rier (3). 

Table 1 summarizes the results of sev- 
eral experiments. It can be seen that 
the putrescine and spermidine recovered 
from the phage are comparable in quan- 
tity to that recovered from either the 
uninfected or the infected bacteria. A 
comparison of the DNA phosphorus con- 
tent with the polyamine content of the 
phage (noting two amino groups for 
putrescine, three for spermidine), shows 
that the neutralization of one-third to 
one-half of the DNA phosphate can be 
accounted for by polyamines. In four of 
the runs C14-putrescine (15) was added 
with the bacterial inoculum, and from 
these it can be seen that the degree of 
dilution of the radioactivity is greater 
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Table 1. Putrescine and spermidine content of E. coli B and phage Ta. In experiments 
1, 2, 3, and 4 the host bacteria were infected with about six phage each, and 5.5 hours 
later, when lysis was complete, the progeny phage were isolated; each run yielded about 
4x 10" phage. The host bacteria were grown at 37°C with shaking in minimal medium 
(11) (1 lit except where noted) from a titer of about 10°/ml to titers of 2.3, 1.5, 2.4, and 
1.9 x 10°/ml, respectively. Experiments 1A and 4A paralleled 1 and 4; the bacteria from 
the former two were harvested at the same time that phage were added to the latter two. 
Experiment 1B also paralleled 1, but here the bacteria were harvested 19 minutes after 
infection (before lysis had occurred). Analytical values for the purified phage were cor- 


rected for losses during purification. 











Ratio of specific 
activity of 
: DNA isolated material 
Putres- Spermi- 
Experiment cine dine =. - pose 
(umole) (umole) inane) 
Putres- Spermi- 
cine dine 
1* (phage) 14.7 LS 0.10 0.64 
2* (phage) 4.9 ws 46 0.22 0.65 
3¢ (phage) 39 0.5 30 0.00 0.00 
4 (phage) 6.1 i 43 
1A* (uninfected bacteria) 3.7 0.49 0.26 0.81 
4A (uninfected bacteria) 4.1 0.61 
1B* (infected bacteria) 3.4 0.41 0.26 0.85 





*C™ Putrescine (47,500 count/min umole) added with bacterial inoculum: experiments of series 1, 4 
umole in 800 ml of medium; experiment 2, 11 umole in 2 lit. 

+ 2.4 umole of C' putrescine was added to the liter of bacterial lysate after the first (low-speed) centrifu- 
gation and was incubated with the phage for 1 hour at 35°C and then overnight in the cold. 


for the putrescine than for the spermi- 
dine; this is consistent with the higher 
rate of turnover of putrescine previously 
noted (J0). The dilution of both poly- 
amines is slightly greater in the phage 
than in the bacteria; this may be related 
to the length of time required after in- 
fection for complete lysis. In experiment 
3 radioactive putrescine was added only 
after lysis of the bacteria; the absence 
of radioactivity from the phage recov- 
ered from this lysate rules out the direct 
exchange of the putrescine in the me- 
dium with that of the phage or the con- 
tamination of the phage with external 
putrescine. The variations among the 
several runs may be due in part to varia- 
tions in growth conditions for the bac- 
teria. It has been shown that the poly- 
amines in E. coli vary markedly with 
growth conditions (3), and work is in 
progress to relate more precisely the 
host polyamines to those of the phage. 
Hershey (7) has recently described 
two unidentified compounds A, and A, 
comprising about 1.5 percent of the total 
carbon in phage T,; these compounds 
now appear to be spermidine and putres- 
cine. Compounds A, and A, were labeled 
from C14-arginine, which is a reasonable 
metabolic precursor of putrescine. Her- 
shey reported that A, and A, were ex- 
tractable from the phage with cold tri- 
chloroacetic acid, were unaffected by 
heating with 6N HCl, were ninhydrin- 
positive, appeared in the phage un- 
changed after assimilation by the bac- 
teria, and seemed to be normal constitu- 
ents of the bacteria. These properties are 
shared by the polyamines. In addition, 


spermidine was found to have the same 
R, values as A, (the minor component) 
and putrescine as A, (the major compo- 
nent) in the solvents used by Hershey. 
Paper chromatography of whole phage 
has also been performed in the isopro- 
panol-HCl solvent. If 5 x 10?° purified 
T, phage (or T, phage) is applied to the 
paper, the strongly acid solvent extracts 
the amines from the phage, and two spots 
corresponding to putrescine and spermi- 
dine are revealed by developing with 
ninhydrin; the only other ninhydrin spot 
is at the origin and presumably is phage 
protein. It is interesting that the Sal- 
monella phage PLT-22 and 98 (16) 
show quite different ninhydrin patterns 
from that of T,. Chromatography of 
purified PLT-22 on paper and on Dowex 
50 shows spermine but little if any pu- 
trescine or spermidine. However, these 
latter two types of phage were grown in 
broth, and the possible effect of different 
media on amine content remains to be 
assessed. At present the high amine con- 
tent has been established only for certain 
types of coli phage, and further work is 
in progress on other viruses (/7). 
Bruce N. AMEs 
Donatp T, Dusin 
Sanrorp M. RosENTHAL 
National Institute of Arthritis and 
Metabolic Diseases, National 
Institutes of Health, Bethesda Maryland 
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Gibberellin-Induced Systemic 
Fruit Set ina 
Male-Sterile Tomato 


Although recent reports (/-3) suggest 
that gibberellin or gibberellin-like sub- 
stances (hereafter referred to as gibberel- 
lin) occur naturally in plants, investiga- 
tors differ in their opinions regarding the 
movement of these compounds. The 
probability that gibberellin, like auxin, 
produces physiological effects distal from 
the site of synthesis indicates the need 
for further investigations of its movement 
in plants (4, 5). Hitchcock and Zim- 
merman (6) and Ferri (7) have demon- 
strated the movement of auxin through 
the plant by application to the soil, to 
roots, or to cuttings. 

In the present study (8) the ability of 
gibberellin, applied as flower sprays, to 
set fruit parthenocarpically (9, 10) or to 
increase the growth of “dormant” to- 
mato fruit (/1) was regarded as a bio- 
logical assay of its systemic movement. 

The technique was refined by using 
male-sterile tomato plants (Lycopersi- 
con esculentum) of the variety Earlypak 
(12) which were identified and selected 
at anthesis from a segregating backcross 
generation. These plants were normal in 
every respect except that the pollen 
grains were aborted (as indicated by an 
acetocarmine test). A few parthenocar- 
pic fruit may set naturally on this mu- 
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Table 1. Effect of gibberellin applied. both to the foliage and soil on induction of fruit 


set in male-sterile Earlypak tomato. 





Average per plant 











Gibberellin Place of Total No. Total No. of No. of 
per plant application GF clusters No of fruits on fruits on 
: a “ treated untreated 
with fruits fruits intavad lntaval 
100 pg Expanded leaves 6.4 14.8 10.8 4.8 
100 ug Stem apices 7.0 12.0 7.0 5.0 
100 ug Flower peduncles 2.0 5.0 5.0 0.0 
100 mg Soil 8.0 36.0 
0 Control (untreated) 0.3 0.7 








tant, but any appreciable increase in 
numbers of fruit under isolated green- 
house conditions could be attributed to 
applied gibberellin. 

Immediately preceding anthesis of the 
first flower cluster, the main stems of 
the tomato plants were pruned in order 
to stimulate the growth of two lateral 
branches from the cotyledonary axils. 
These branches were nearly alike with 
regard to time of flowering, number of 
flowers per cluster, and number and 
length of internodes. Basipetal and acrop- 
etal movement from a treated lateral 
would be reflected in a stimulation of 
fruit set on an untreated lateral. The 
plants were grown during the spring and 
summer in a greenhouse held at approxi- 
mately 65°F at night. Day temperatures 
were held between 65° and 85°F. 

In preliminary experiments to confirm 
previous results (/3), floral sprays con- 
taining 500 wg of gibberellin per milli- 
liter resulted in characteristic partheno- 
carpic fruit development. Subsequently, 
the effect of gibberellin (14) on inducing 
systemic fruit set was evaluated (i) by 
applying, with a micropipette, 100 ug 
per plant to the first or second fully ex- 
panded leaf above the second open 
flower cluster, to stem apices, and to the 
peduncle of a single inflorescence (15) 
and (ii) by applying 100 ml of a solution 
containing 1000 ng/ml (100 mg) to the 
soil (Table 1). An excess of gibberellin 
was applied in order to compensate for 
the rapid degradation in the soil re- 
ported by Brian et al. (16). One milli- 
liter of polyoxyethylene sorbitan mono- 
laurate (Tween-20) per 100 ml of solu- 
tion was added as a wetting agent for 
both plant and soil treatments. 

Increased parthenocarpic fruit set on 
both treated and untreated laterals was 
induced by applying gibberellin to the 
foliage, but not by treating peduncies 
(Table 1). Greatest fruit set resulted 
from the soil application. Fruit from 
these treatments in every way resembled 
that resulting from direct floral sprays. 
All treatments, in addition to floral 
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sprays, resulted in significant increases 
in size of “dormant” fruits. Johnson and 
Liverman (11) reported that a “dor- 
mancy” of developing fruits induced by 
high temperature or by far red irradiation 
could be overcome by spraying them 
with gibberellin. No quantitative studies 


were made to determine whether promo- ° 


tion of fruit growth in our experiments 
was comparable to that reported by 
Johnson and Liverman. 

The marked increase in fruit set on 
an untreated lateral of a male-sterile 
plant indicates that gibberellin initiates 
a physiological response distant from the 
point of treatment. The results do not 
necessarily imply that gibberellin per se 
is directly responsible for systemic induc- 
tion of fruit set. The use of male-sterile 
plants to assay for systemic fruit setting 
may have application for evaluating 
other growth-regulating substances. 

ARNULF PERSSON 
LAWRENCE Rappaport 
Department of Vegetable Crops, 
University of California, Davis 
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Kodak reports on: 


Mr. Brethen and Lecture Assistant Sandmeyer ... big deal over 0.009 
roentgen ... color films for sophisticates 


Craftsmanship 





After this one, Mike Brethen’s pay 
checks will have to follow him 
around in his retirement. He joined 
us right out of the Army in 1919 
and wound up no less a craftsman 
than the old fellow who gets $65 
for a pair of shoes. Rather than on 
a last or lathe, Mike’s craftsman- 
ship has been expressed over a big 
stoneware crock of acid with ice 
floating in it as sodium nitrite 
diazotizes an aromatic amine, after 
which he adds the resultant diazo- 
nium salt to the cuprous salt of 
whatever halide is required and gets 
an oily layer containing his aro- 
matic halide. A Swiss chemistry 
lecture assistant named Sandmeyer 
proposed this eight years before 
Mr. Brethen’s birth. Since many 
full-grown adult organic chemists 
despair of professional advance- 
ment from doing Professor Sand- 
meyer’s reactions over and over 
again, a clear field was left Mr. 
Brethen to specialize in doing it 
very well. 

On his last day at work he sat 
down and figured out he had run 
exactly 50 different versions of the 
Sandmeyer, counting the displace- 
ment of diazonium by iodine, which 
needs no copper. 

Take m-Dibromobenzene. What 
could be simpler? Yet the other 
day we had a request for it from a 
man who is so eminent that organic 
chemists everywhere know his sur- 
name only as the designation for a 
certain green textbook 414 inches 
thick. He couldn’t find m-Dibromo- 
benzene on the market, and he ap- 
parently thought it wise to let an 
expert make it, so the job fell to 


Mike Brethen. Now, therefore, it 
becomes Eastman 7276. 


Mike’s pupils and our other craftsmen 
are hard at work keeping some 3600 
stock bottles of Eastman Organic Chemi- 
cals filled. The job is never ending. We 
hope the orders are too. Distillation 
Products Industries, Eastman Organic 
Chemicals Department, Rochester 3, 
N. Y. (Division of Eastman Kodak 
Company). 


A modest contribution 


Man comes home from work and 
his wife asks him what kind of a 
day he’s had. “Same old yackety 
yak,” he reports. “Heap-big all- 
afternoon powwow over the fact 
that whereas it used to take 0.019 
roentgens of radium gamma radia- 
tion to produce a density of .05, 
they have now made x-ray film that 
takes 0.010 roentgens of gamma 
radiation to produce a density of 
.05. Cauliflower tonight again?” 
a 

Eastman Kodak Company is 
pleased to announce that significant 
progress has been made in its con- 
tinuing program of improving the 
sensitivity of film to ionizing radia- 
tion. One result of this program is 
that physicians are enabled to ob- 
tain required diagnostic informa- 
tion from Kodak No-Screen Medi- 
cal X-ray Film with fully 50% less 
exposure of the patient to x-rays. 

Another result, of interest to 
those engaged in industrial radiog- 
raphy and in the atomic energy 
field, is that the film badges worn 
to check on their body exposure to 
radiation can now be made capable 
of at least 50% more sensitivity 
than previously. 

While it is realized that the end 
of the effort to reduce human ex- 
posure to radiation is nowhere in 
sight, it is felt that even modest 
technological advances in this di- 
rection serve the interests of general 
welfare. 

For cumulative monitoring of oc- 
cupational exposure to x-rays and 
gamma rays, the enhanced sensi- 
tivity is now available in Kodak 
Personal Monitoring Film, Type 1. 
Maximum sensitivity is attained for 
radiation quality of approximately 
50 kvcp. Approximately 30 times 
the same roentgen value is required 
to produce equivalent densities with 
radium gamma rays. 





This is another advertisement where Eastman Kodak Company 
probes at random for mutual interests and occasionally a little 
revenue from those whose work has something to do with science 
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In Kodak Personal Monitoring 
Film, Type 2, with a low-sensitivity 
emulsion on one side of the film 
and a high-sensitivity emulsion on 
the other side, the range of assess- 
ment is extended to emergency levels 
of exposure. Other modifications 
are available for the measurement 
of neutron exposure. 

Full information about these moni- 
toring films is obtainable from Eastman 


Kodak Company, Special Sensitized 
Products Division, Rochester 4, N. Y. 


Lis for long, S is for short 


The broad purpose here is to ele- 
vate your level of photographic ac- 
complishment. You are a photo- 
graphic sophisticate. For reasons 
that you don’t feel necessary to de- 
fend, you use a sheet-film camera. 

We have news for you of a refine- 
ment in the kind of color film that 
can be printed to gorgeous big 

Type C color prints for dry mount- 
ing or to any number of even more 
brilliant color transparencies, large 
or small. The reference is to Kodak 
Ektacolor Film. Now it comes in 
Type L for long exposures and 
Type S for short exposures. 

If you were naive you would ask, 
“Why should I pick long exposures 
if I can have short exposures?” But 
you don’t ask that. 

You know that while high film 
sensitivity is the aim, nevertheless 
the departure from a strict reciproc- 
ity between the effects of illumina- 
tion and exposure time is different 
between the three emulsion layers 
of a color film, leading hitherto, to 
color imbalance unless the expo- 
sure time is kept within narrow pre- 
scribed limits. You therefore ex- 
perience a feeling of release when 
we tell you that the barriers on both 
sides have fallen: Type L is bal- 
anced for exposure times from 1/5 
second to 60 seconds, such as en- 
countered in photomicrography and 
photomacrography; Type S is good 
down to the briefest flash of a gas 
discharge lamp. 

In case you have a friend who fails to 
grasp your explanation of the preceding 
paragraph and who has questions about 
this Type C- Type L—Type S busi- 
ness, tell him to write to Eastman Kodak 
Company, Professional Goods 
Division, Rochester 4, N. Y. 
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Aha! 


This one is a little 
more difficult, but 
it puts no strain on 
the glassworkers in 
our Special Appa- 
ratus Department. 
They render it 
quickly in chemical 
glass from custom- 
er specifications. 
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Voila! 
Now here is a chal- 
lenge. Truly unu- 
sual. A piece that 
cries for the ingeni- 
ous talents of our 
‘Special Apparatus 
men. It takes a little 
longer than the 
more mundane de- 
signs above, but it 
is soon doing the 
strange work its 
owner devised it for. 


The 9,000 different pieces of PYREX 
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Letters 


Population of Australia 


In the issue of 3 January, Paul B. 
Sears [Science 127, 9 (1958)] cites the 
population density of the continents 
(page 11). His observations on “The 
inexorable problem of space” are so 
thoughtful and so timely that I venture 
to call attention to his estimate for Aus- 
tralia, which may confuse some readers. 

The estimate given for Australia is 31 
inhabitauts per square mile. If this re- 
fers to Australia (and Tasmania) alone, 
the figure should be approximately 3.1 
per square mile. It is probable, therefore, 
that Sears is referring to the entire south- 
east Asian archipelago, and that Indo- 
nesia, New Zealand, and possibly the 
Philippine Republic and Taiwan are to 
be included—the over-all average for 
these areas collectively would be in the 
neighborhood of 31 per square mile. 
But the figure given for Asia (78 per 
square mile) suggests that the offshore 


islands are included in the Asian esti- 
mate. 

GEOFFREY BRUUN 
Ithaca, New York 


I am most grateful to Geoffrey Bruun 
and also to Chester Longwell for calling 
attention to this error. 

The figures were obtained from a 
standard atlas. It is not available as I 
write, so that I am unable to say whether 
the datum given for Australia was in- 
tended for the whole of Australasia, a 
misprint, or my own error in copying, 
although I checked the table twice. I 
did, however, take the precaution to have 
my manuscript read by three very com- 
petent critics, none of whom caught the 
error. 

The paragraph in question (page 11, 
column 3) should therefore be amended 
to read as follows: 

“North America, including great areas 
of desert and tundra, follows with 23, 
while Africa and South America are 
nearly tied, with 17 and 19, respectively. 
The figure for the United States is 51, 
while Australia is the least densely popu- 
lated of the continents, with about 3 
persons per square mile.” 

I am obliged to M. B. Russell and 
Donald Jones for comments on the state- 
ment regarding corn production (page 
13, column 2). Actually, both per acre 
and total production within the corn 
belt proper are greater than ever. It is 
the natural fertility—that is, that pos- 
sible without fertilizer input—that has 
declined. The present high total yield 
can be even further increased, as I have 
said, but this fact must be weighed 
against increasing production costs and 
the present high rate of population in- 
crease. 

Incidentally, Jones has reminded me 
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that geneticists who have written about 
future prospects are perhaps less san- 
guine than are soil specialists. 

Cecil T. Blunn, of the University of 
Nebraska faculty in Turkey, at Ankara, 
has also called my attention to another 
detail (page 13, column 3, paragraph 1). 
He informs me that the individual Turk 
is anything but phlegmatic. Obviously I 
should have used the word courageously 
instead of phlegmatically. What I had in 
mind, of course, is the fact that neither 
the Finnish nor the Turkish Government 
has allowed itself to be stampeded. It 
is obvious from Blunn’s letter that he ad- 
mires the Turkish people very much, 
which is good news. 

Paut B. Sears 
Yale University, 
New Haven, Connecticut 


International Clearinghouse 


Your editorial “Strength through 
union,’ in the 14 February issue of 


Science [127, 313 (1958)], discusses an - 


issue of great importance to scientists. 
There is no doubt that we need a clear- 
inghouse and coordination center for ab- 
stracting, indexing, retrieving, and trans- 
lating the vast flood of scientific publi- 
cations which is inundating us today and 
which will increase with time. There is 
much to be said for your conclusion that 
this service can best be performed by 
combining and coordinating private and 
governmental facilities and programs, 
and I was happy to learn that progress is 
being made in this direction. 

It seems, however, that this is a prob- 
lem of international scope; one that could 
and should be solved by an international 
clearinghouse. Such a world science lit- 
erature center, organized, perhaps, under 
the United Nations, could abstract all 
the literature now being covered by Rus- 
sian, American, and other abstracting 
agencies, and the abstracts, appropri- 
ately translated, could be made to meet 
the requirements of scientists through- 
out the world. To Americans and Rus- 
sians this would represent a great saving 
in expense and technical manpower; to 
the scientists of many small countries it 
would mean the difference between par- 
ticipation and scientific isolation. 

Scientists have often emphasized the 
international nature of their interests and 
activities. Unwittingly they may be 
drawn into the disruptive eddies of polit- 
ical currents and swept apart. Here, it 
seems, is an opportunity to forge a link 
across international lines which has great 
potential value to science and which 
could serve as a significant strand in the 
forging of broader bonds of understand- 
ing between nations, 

Joun T. EMten, Jr. 
Department of Zoology, 
University of Wisconsin, Madison 
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Meetings 


Ninth Pacific Science Congress 


The small, forward-looking group of 
scientists, headed by the late Herbert E. 
Gregory, who organized the First Pacific 
Science Congress, held in Honolulu in 
1920 (and known then as the Pan-Pacific 
Science Congress), could hardly have 
guessed the magnitude of the success that 
would in future years crown this pioneer 
effort. 

It is an understatement to say that the 


Ninth Pacific Science Congress, held in 
Bangkok, 18 Nov. to 9 Dec. 1957, ex- 
ceeded all expectations. The attendance 
of 860 registered delegates—the largest 
attendance at any Pacific Science Con- 
gress to date—included 500 foreign dele- 
gates and 360 delegates from Thailand. 
In all, 36 countries or territorial subdi- 
visions (such as Hong Kong, Singapore, 
New Guinea, and the Ryukyus) were rep- 
resented. Of the registered delegates, 228 
were from the United States. 
Notwithstanding the unexpectedly 
large attendance, all arrangements 
were adequate, everything proceeded 
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smoothly, scheduled events were held on 
time, transportation on excursions and 
field trips was more than ‘sufficient. At 
the administrative headquarters and in 
the registration hall one found a com- 
bination of oriental calm, unfailing good 
humor, and a type of business efficiency 
that we complacently but wrongly char- 
acterize as “Western.” The officers of the 
congress and the members of the various 
organizing committees deserve credit for 
an outstanding job of organization that 
reached down even to small details re- 
lating to the comfort and convenience 
of the visiting delegates. 

Every morning buses called at all the 


major hotels to take delegates to Chula- 
longkorn University, where the scientific 
sessions were held. Then the buses came 
back for a second and sometimes even a 
third round to pick up those laggards 
who had missed the first. Luncheon was 
served on the campus every day—break- 
fast too, after the management discov- 
ered that too many people were missing 
the first bus. Meals served on the cam- 
pus not only met important practical 
needs but afforded very pleasant social 
occasions, and further enabled one to 
find any particular person with whom he 
might wish to converse. Friend met 
friend from whatever continent, new ac- 
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quaintances were made, committees met, 
and important business was ‘transacted 
over the luncheon tables. 

Scientific sessions were ordinarily held 
from 8:30 a.m. to 12:30 p.M., and the 
afternoon was thus left free for sightsee- 
ing or shopping. Because of the crowded 
program it was necessary to schedule 
some meetings from 2:00 to 4:30 P.M. 
But through good planning by the organ- 
izing committee, all delegates had some 
free time to enjoy Bangkok—a bustling, 
modern city of a million people that has 
managed to combine with its beautiful 
ancient temples and its picturesque ca- 
nals such modern appurtenances as radio, 
television, streetcars, buses, tens of thou- 
sands of automobiles, and a king-size 
traffic problem that compares with that 
of San Francisco or New York. Two 
blocks from the hotel in which I stayed, 
workmen were busy at the remarkably 
occidental pursuit of widening a bridge 
to carry two more lanes of traffic. 

The opening and closing plenary ses- 
sions were held in Santitham Hall, a fine, 
modern auditorium especially designed 
for international gatherings. The com- 
fortable seats are arranged behind sweep- 
ing arcs of desks, At each seat there is a 
telephone dial with six numbers, ena- 
bling one to listen to an address in a 
foreign language and dial in to any one 
of six translations. This facility was not 
used at the science congress, all of the 
proceedings being conducted in English, 
Overseas delegates were impressed with 
the linguistic ability and ease of their 
Thai hosts. 

At the opening session, Prime Minister 
Pote Sarasin, the honorary president, and 
Air Marsha! Muni M. Vejyant-Rangs- 
risht, the president of the congress, ad- 
dressed the delegates briefly and elo- 
quently. The Prime Minister made three 
points: (i) the need for international 
cooperation in science; (ii) the need for 
complete freedom in scientific research: 
(iii) the essential humanitarianism of 
science, “which is its chief reason for 
being, its major justification.” The presi- 
dent of the congress, who, in addition to 
being an air marshal, is also the rector 
of Chulalongkorn University, emphasized 
the responsibility of science “to exercise 
its rightful stewardship over the vast 
treasure of accumulated scientific knowl- 
edge.” He said, further, “If the insanity 
of war again breaks loose . . . there will 
be no brilliant afterthoughts capable of 
calming the quarrels of the nations. 
There will be no civilization for science 
to serve.” 

The congress was held under the pa- 
tronage of Their Majesties King Bhumi- 
bol Aduldej and Queen Sirikit of Thai- 
land, who, in a_ precedent-shattering 
display of hospitality to a scientific gath- 
ering, entertained the entire group at a 
garden party at Amphorn Palace. After 
brief formal introductions of heads of 
delegations and section chairmen, for- 
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mality was dropped, and the royal cou- 
ple mingled with and chatted with their 
guests for a good two hours, conversing 
with perfect ease in at least three lan- 
guages. 

The scientific program of the congress 
included more than 700 papers, divided 
among 18 sections. In addition to the 
submitted or invited papers, there was 
a symposium on “Climate, Vegetation, 
and Rational Land Utilization in the 
Humid Tropics,” aided by UNESCO; 
there were’ the reports of the chairmen 
of standing committees of the Pacific 
Science Association; there were two ses- 
sions on “International Cooperation in 
Science”; and there were seven public 
evening lectures by distinguished speak- 
ers from three continents. Asia and Thai- 
land were ably represented by Boonsong 
Lekagul, who gave a lecture on “Wild- 
life of Thailand,” illustrated with excel- 
lent motion pictures. 

Somewhat unexpectedly the U.S.S.R., 
which had not participated in the Sev- 
enth (New Zealand, 1949) or Eighth 
(Manila, 1953) Pacific Science Con- 
gresses, sent a delegation of nine to the 
Bangkok congress—eight scientists and 
an interpreter. The latter was a graduate 
student from the University of Moscow 
who had an excellent command of Eng- 
lish. The scientists were well selected for 
this congress, being specialists on the ma- 
rine biology and oceanography of the 
northwestern Pacific. All spoke either 
German, French, or English, so that 
communication presented no great prob- 
lem. The pleasant and highly competent 
young interpreter was unobtrusive but 
available when needed. It was my im- 
pression that the Russians were wel- 
comed as scientific colleagues, and that 
ideological differences were pushed into 
the background for the duration of the 
congress. 

A feature of the Ninth Congress that 
left visiting delegates amazed and 
speechless with admiration and envy was 
the Documentation Section. I carried 
an extra suitcase full of mimeographed 
copies of documents pertaining to my 
section—a precaution that proved com- 
pletely unnecessary. I could have got 
along perfectly well with one copy of 
each paper. The Documentation Sec- 
tion, set up at Chulalongkorn University, 
was equipped with two IBM electric 
typewriters, two multilith machines, and 
equipment for photographing line draw- 
ings, halftones, or handwritten script. 
It was also equipped with a_ highly 
trained crew that worked literally day 
and night and could reproduce anything 
in any language. They turned out docu- 
ments in English, French, Thai, and 
Chinese, and everything came forth 
when needed. Twenty-four hours was 
the prescribed time for getting out 300 
or 500 copies of a given document. But 
if a harassed chairman of a section came 
in at 9:00 a.m. with a set of resolutions 
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adopted by his section and said, “I need 
300 copies of this by noon,” he got 300 
copies by noon. I watched this system to 
see whether it would break down under 
pressure, but it never did. It turned out 
over three million pages of multilithed 
material in two weeks. Never has a sci- 
entific gathering been better documented. 

At the end of two weeks of delibera- 
tions the congress met for a final plenary 
session, at which Ian McTaggart Cowan, 
head of the Canadian delegation, gave a 
brief, brilliant address of thanks on be- 
half of all of the foreign visitors. This 
closing session was held on 30 November. 
The official dates of the congress, 18 
November to 9 December, included the 
various field trips planned to give visit- 
ing delegates a better knowledge of a 
richly endowed and fascinating land. 

It is gratifying to report that the 
Council of the Pacific Science Associa- 
tion announced at the final plenary ses- 
sion that they had unanimously accepted 
the joint invitation that had been ex- 
tended by the National Academy of Sci- 
ences and the Bernice P. Bishop Museum 
to hold the Tenth Congress in Honolulu 
in 1961. 

Great credit for the smooth operation 
of the congress is due the secretary-gen- 
eral, Charng Ratanarat, and his efficient 
staff and Brenda Bishop, secretary of the 


Pacific Science Council. The large Amer- 
ican representation was organized by 
Harold J. Coolidge, executive director 
of the National Academy of Sciences’ 
Pacific Science Board. 

Rosert C. MILLER 
California Academy of Sciences, 
San Francisco 


Call for Papers by AAAS Sections 


Eight sections of the association will 
arrange sessions for contributed papers 
at the Washington, D.C., meeting, 26-31 
December 1958. The secretaries or pro- 
gram chairmen to whom titles and ab- 
stracts should be sent, not later than 30 
September, follow: 

C-Chemistry. F. O. Rice, Department 
of Chemistry, Catholic University of 
America, Washington, D.C. 

E-Geology and Geography. Both geol- 
ogy and geography, cosponsored respec- 
tively by the Geological Society of 
America and the Association of Ameri- 
can Geographers, Middle Atlantic Di- 
vision: Frank C. Whitmore, Jr., U.S. 
Geological Survey, Washington 25, D.C. 

F-Zoological Sciences. (If outside the 
scope of the American Society of Zool- 
ogists and Society of Systematic Zool- 
ogy, which are meeting with the AAAS.) 





Karl M. Wilbur, Department of Zool- 
ogy, Duke University, Durham, N.C. 

G-Botanical Sciences. Barry Com- 
moner, Henry Shaw School of Botany, 
Washington University, St. Louis 5, Mo. 

K-Social and Economic Sciences. 
Donald P. Ray, Hall of Government, 
George Washington University, Wash- 
ington 6, D.C. 

L-History and Philosophy of Science. 
John W. Streeter, Franklin Institute, 
Philadelphia 3, Pa. 

Np-Pharmacy. John E. Christian, 
School of Pharmacy, Purdue University, 
Lafayette, Ind. 

Q-Education. Herbert A. Smith, 205 
Bailey, School of Education, University 
of Kansas, Lawrence, Kan. 

Although the deadline is 30 Septem- 
ber, most sections and subsequently the 
AAAS office, would be glad to receive 
titles in advance of this date. 


Raymonp L. Tay or 
AAAS 


Colloquium of College Physicists 


The 20th annual Colloquium of Col- 
lege Physicists and the associated June 
Lectures will be held at the State Uni- 
versity of Iowa, Iowa City, 18-21 June. 
The program will consist of lectures on 
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i complete Glassware needs 
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AAAS SYMPOSIUM VOLUMES 


6” x 9”, illustrated, clothbound 


The Species Problem, 404 pp., 1957 ............ $8.75 
Atomic Energy and Agriculture, 460 pp., 1957 .. 9.50 
Che Beginnings of Embryonic Development, 408 

BD: T9978. vac fost ces ca eae Gees Beene 8.75 
Meodholism, 220 tippy 1997 oon oes occa ais 5.75 
Tranquilizing Drugs, 205 pp., 1957 ........... 5.00 
Venoriis, 480 ip.) 1956... 2: ied 8 intents 9.50 
the Future of Arid Lands, 464 pp., 1956 ....... 6.75 
Water for Industry, 140 pp., 1956 ............ 3.75 
°sychopharmacology, 175 pp., 1956 ........... 3.50 


Luminescence of Biological Systems, 466 pp., 1955 7.00 
\dvances in Experimental Caries Research, 246 


PP» 1955 oc. e cece ces e cece ree eeeseees 6.75 
Antimetabolites and Cancer, 318 pp., 1955 ...... 5.75 
Monomolecular Layers, 215 pp., 1954 .......... 4.25 
Fluoridation as a Public Health Measure, 240 pp., 

1904 oh dices s came ncaa teenies 50 
The Present State of Physics, 271 pp., 1954 .... 6.75 
Soviet Science; 128 pp., 1953... 3. f.jsi cere syn tei 4:59 1.75 
Industrial Science, 160 pp., paperbound, 1952 ... 2.00 

72” x 1042”, double column, illustrated, clothbound 
Centennial, 319 pp., 1950 2... ei. 5.00 


The Rickettsial Diseases of Man, 255 pp., 1948 .. 6.25 
Mammary Tumors in Mice, 231 pp., 1945 


1515 Mass. Ave., NW, Washington 5, D.C. 


a ea 3.50 
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CALIBRATED fer Rapid and Repeated 
i) | S p E N S E R S Delivery of Accurate 


Volumes of Liquid 
SIMPLE TO USE J] ... accuracy to within + 1%. 


.. Measurement is automatic, 
therefore accurate and rapid. 


Examples of Use 


Accurate filling of ampules, vials, 
and test tubes. 


Making serial determinations. 
Pipetting serological test reagents. 


Adding chloroform, strong acids, 
cyanide solutions, and solvents. 


Making up water blanks, or other 
media. 


For delivery of known amounts 


of Kjeldahl buffers. 
Write for Brochure D. 





Also Available— 


Special Apparatus for Paper Strip 
Chromatography 





Improved Reagent Sprayers 
2. Tip forward to dispense. Write for Brochure A 
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Dehydrated 
Culture Media 
DIFCO 


The utmost in efficiency and economy in 
the bacteriological laboratory is realized 
through use of Dehydrated Culture Media, 
Difco. 


Convenience—any medium can be instantly prepared. 
Stability—media can be kept without deterioration. 
Availability—each medium is instantly available. 
Completeness—no additional ingredients are required. 
Uniformity—successive lots are identical. 


Comparability—dependable, comparative studies are 
possible in widely separated laboratories over long 
periods of time when standardized Difco Products 
are employed. 


Specify “DIFCO” 


DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 


































































MICROTOMES 


made with the same precision as Sartorius balances, 
world’s finest! 


There is a modern Sartorius Microtome for every con- 
tingency, fer schools, hospitals, research and industrial 
laboratories. 


Sartorius Microtomes are available from. franchised 
dealers everywhere. 


For literature write to U.S. Distributors. 


C. A. BRINKMANN & CO., INC. 


115 CUTTER MILL ROAD, GREAT NECK, L. I. 
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developments in conteniporary physics 
and round-table discussions on the teach- 
ing of physics and other current prob- 
lems of the profession. One evening 
will be devoted to the exhibit of origi- 
nal demonstration equipment and other 
teaching devices prepared by the par- 
ticipants. Registration is without fee. 


Parapsychological Association 


The formation of the Parapsycholog- 
ical Association, a professional group of 
research workers in the area of extrasen- 
sory perception and psychokinesis, has 
been announced. The objects of the as- 


as a science, to disseminate knowledge 
of the field, and to integrate the findings 
with those of other branches of science. 
Full membership is restricted to those 
with doctorate degree training or equiv- 
alent. 

The founding officers are R. A. Mc- 
Connell, president (Biophysics Depart- 
ment, University of Pittsburgh); G. R. 
Schmeidler, vice-president (Psychology 
Department, City College of New 
York); R. White, secretary (Parapsy- 
chology Laboratory, Duke University) ; 
R. J. Cadoret, treasurer (Duke Univer- 
sity); and councilmen M. Anderson 
(Duke University), K. Osis (Parapsy- 
chology Foundation of New York), and 





sociation are to advance parapsychology W. G. Roll (Oxford University). 





idea in stirring 
PALO IMPELATOR* 


For all chemical and industrial 
laboratory stirring purposes. 


The Palo Impelator in stirring 
combines centrifugal force, suction, 
shearing action and counter current 

whirl. The upward and downward 
turbulence is created by the angled 
conical tubes mounted on the disc. 
This action creates rapid 
and efficient mixing — ensures iad 
maximum dispersion with (¢ Ni 
minimum particle size. Y 3 
G NA 
Y 


- ¢ Mn 
IMPELATOR* PRICE LIST SK 

233-D Stainless steel, disc diameter 2%” with 6 conical tubes. Mounted 
with removable stainless steel hexagon nut on 4” stainless steel 

UA e ARR es ROG: Lata va esos ectcccusscssseassncoencooQhbeeeRenanseyeentioecs twats $19.50 

233-E Same as 233-D except %,” stainless steel rod, 16” long ...... $21.50 
233-F Impelator only same as above, movable. Can be locked with 
knurled adjustable nut at any place on rod. To fit 4” rod $18.00 

233-G Same as 288-F to fit 546” rod ooo... eesessssessessesseeseeeesnense $18.50 
Information on details for your special requirements available on request. 


+Prices quoted on request for larger sizes for semi-industrial and manu- 
facturing purposes — Food processing, oil refining, paint manufactur- 
ing, etc. 






See the flow lines occur- 
ring on the circumfer- 
ence of the mixing vessel. 











the most advanced 








Let Impelator Solve Your Mixing Problems! 


PALO 
LABORATORY SUPPLIES, INC. 


81 Reade St., New York 7, N.Y. 





*U.S. Reg. Name No. 25028 
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Alaskan Science Conference 


The ninth Alaskan Science Confer- 
ence will take place at the University of 
Alaska, College, Alaska, 2-5 September, 
under. the sponsorship of the AAAS 
Alaska Division. The meeting will cover 
ten general fields of science and their 
application in the arctic and subarctic 
areas. 

Titles and papers must be received by 
the section chairman before I June. Ab- 
stracts not exceeding 250 words should 
be provided by 1 July. Abstracts must be 
submitted for inclusion of the papers in 
the printed program. It is planned that 
abstracts or papers will be published in 
the Proceedings of the Ninth Alaskan 
Science Conference. For further infor- 
mation, including a list of the section 
chairmen, write air mail to the presi- 
dent and general chairman of the con- 
ference, Dr. Robert L. Rausch, Presi- 
dent, Alaska Division, AAAS, Box 960, 
Anchorage, Alaska. 


Biometric Conference 


The fourth International Biometric 
Conference will be held in Ottawa from 
28 August to 2 September. One day 
will be devoted to a symposium on bio- 
metrical genetics, and sessions are being 
arranged on clinical research, the inter- 
pretation of experimental results, ap- 
plications of multivariate analysis, ecol- 
ogy and animal behavior, mathematical 
models in biology, the x2 test, and plant 
and animal breeding. Further details 
may be obtained from the local secre- 
tary, Dr. G. B. Oakland, Statistical 
Laboratory, Science Service Building, 
Department of Agriculture, Ottawa, 
Canada. 


Society Elections 


® American Medical Writers Association: 
pres., Charles E. Lyght, Merck, Sharp & 
Dohme, Rahway, N.J.; pres.-elect, Mor- 
ris Fishbein, Chicago, Ill.; past pres., 
Dran F. Smiley, Evanston, IIl.;  sec.- 
treas., Harold Swanberg, 510 Maine St., 
Quincy, Ill. The vice presidents are 
Austin Smith, Chicago, III., and Karl A. 
Menninger, Topeka, Kan. The repre- 
sentative to the AAAS Council is Harold 
Swanberg. 


™ Montana Academy of Sciences: pres., 
George W. Rollins, Social Studies De- 
partment, Eastern Montana School of 
Education; past pres., Philip L. Wright, 
Department of Zoology, Montana State 
University; sec.-treas., LeRoy H. Har- 
vey, Department of Botany, Montana 
State University; v. pres., George H. 
Gloege, Eastern Montana School of Edu- 
cation, Billings. 
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TOO MANY 
VARIABLES? 


It’s time to draw a line. 
Straighten out your cleaning 
problems with 


HAEMO-SOL 


There’s nothing like Haemo-Sol’s 
unique cleansing power and positive 
rinsing . . . it’s completely safe! No 
etching! No corroding of metal parts! 
Immediate Haemo-Sol bath for 
valuable volumetric and optical 
equipment prevents soil etching! 


_Haemo-Sol guarantees clean laboratory 
j glassware and apparatus— 


e removes the full range of lab- 
oratory soils 
e effectively digests protenoid ma- 
terials . . . other types of poly- 
meric materials 
e assures free draining pipets .. . 
burets 
e gives sparkling clear surfaces 
for quartz and glass absorption 
cells 
e provides chemically clean reac- 
tion and titration flasks 
@ leaves the clean surfaces that are 
a must for the smooth operation 
of fractionatingcolumnsandother 
pieces of laboratory equipment. 





And, just as important as its unique 
cleaning power, is Haemo-Sol’s high 
solubility and powerful solubilizing 
action. Haemo-Sol washed glassware 
rinses completely clean ... nothing 
remains behind but a chemically clean, 
free drain- 

ing glass 
surface. 


Write 
TODAY for 
Sample and 
Literature. 





Distributed by 


MEINECKE & CO., INC. 
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"American Meteorological Society: 
pres., Sverre Petterssen, University of 
Chicago; v. pres., Henry T. Harrison, 
United Air Lines, Denver, Colo.; sec., 
Thomas F, Malone, Travelers Insurance 
Companies, Hartford, Conn.;  treas., 
Henry DeC. Ward, Eaton and Howard, 
Inc., Boston, Mass. 


"Institute of the Aeronautical Sciences: 
pres., Edward C. Wells; treas., R. Dixon 
Speas; director and representative to the 
AAAS Council, S. Paul Johnston; sec., 
Robert R. Dexter, 2 E. 64th St., New 
York 21, N.Y. The vice presidents are 
Neil Burgess, B. W. Chidlaw, L. Eugene 
Root, H. Guyford Stever. 


® American Economic Association: pres., 
George W. Stocking, Vanderbilt Univer- 
sity; sec.-treas., James Washington Bell, 
Northwestern University, Evanston, III. 
The vice presidents are Seymour E. 
Harris, Harvard University and George 
J. Stigler, Columbia University. The 
representative to: the AAAS Council is 
William S. Vickrey, Columbia Univer- 
Sity. 


® American Physical Society: pres., Jesse 
W. Beams, Physics Department, Univer- 
sity of Virginia; past pres., H. D. Smyth, 
Princeton University; v. pres., George E. 
Uhlenbeck, University of Michigan; sec., 
Karl K. Darrow, Bell Telephone Labo- 
ratories, New York, N.Y.; treas., S. L. 
Quimby, Columbia University. 


"Association of Military Surgeons of 
the United States: pres., Charles R. 
Mueller; sec.-editor, Robert E. Bitner, 
1726 Eye St., NW, Washington 6, D.C.; 
executive sec., George M. Beam. The 
vice presidents are H. H. Twitchell, 
Richard A. Kern, John W. Cronin, 
James P. Cooney, Irwin L. Norman, 
Robert C. Kimberly. The representative 
to the AAAS Council is Leslee W. Free- 
man, Indiana University. 


Forthcoming Events 


May 


2. Engineers and Architects Conf., 5th 
annual, Columbus, Ohio. (H. A. Bolz, 
College of Engineering, Ohio State Univ., 
Columbus. ) 

2. Southern California Acad. of Sci- 
ences, annual, Los Angeles. (Miss G. Sib- 
ley, Los Angeles County Museum, Exposi- 
tion Park, Los Angeles 7, Calif. ) 

2-3. Minnesota Acad. of Science, Be- 
midji. (M. R. Boudrye, 51 University 
Ave., St. Paul 3, Minn.) 

2-3. North Carolina Academy of Sci- 
ence, annual, Durham. (J. A. Yarbrough, 
Meredith College, Raleigh, N.C.) 

2-3. North Dakota Academy of Science, 
50th anniversary, Fargo. (B. G. Gustafson, 
Box 573, University Station, Grand Forks, 
N.D.) 

3-4, Population Assoc. of America, an- 
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Research in Social Science, Univ. of North 
Carolina, Chapel Hill.) 

4-7. American Federation for Clinical 
Research, annual, in conjunction with 
American Soc. for Clinical Investigation 
and Assoc. of American Physicians, At- 
lantic City, N.J. (W. W. Stead, College of 
Medicine, Univ. of Florida, Gainesville. ) 

5-6. Secondary Recovery Symp., 3rd 
biennial, Wichita Falls, Tex. (E. O. Kirk- 
endall, American Inst. of Mining, Metal- 
lurgical & Petroleum Engineers, 29 W. 
39 St., New York 18.) 

5-7. American Geophysical Union, 39th 
annual, Washington, D.C. (W. I. Smith, 
AGU, 1515 Massachusetts Ave., NW, 
Washington 5.) 


5-7. Microwave Theory and Tech- 
niques Symp., Stanford, Calif. (G. H. 
Keitel, 601 California Ave., Palo Alto, 
Calif. ) 

5-8. American Meteorological Soc., 
Washington, D.C. (K. C. Spengler, AMS, 
3 Joy St., Boston 8, Mass.) 

6-9. Optics in Metrology Colloquium, 
International Commission of Optics, 
IUPAP, Brussels, Belgium. (S. S. Ballard, 
Scripps Institution of Oceanography, San 
Diego 52, California. ) 

6-9. Royal Netherlands Acad. of Sci- 
ences and Letters, 105th anniversary, Am- 
sterdam, Netherlands. (RNASL, 29 Klo- 
veniersburgwal, Amsterdam. ) 

6-9. Western Joint Computer Conf., Los 
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to 224 50-ml beakers. 


area), 16” x 18” x 15” chamber. 


FISHER GENERAL-PURPOSE : FISHER FORCED DRAFT 
ISOTEMP OVEN . ISOTEMP OVEN 
to fill your i 
laboratory ; 
oven needs ; 
® A superior, gravity-convection oven * All the features of the standard 
ISOTEM me for sample drying, moisture deter. * Isotemp —plus the advantages of 
mination, ageing, sterilizing, etc. * forced air circulation. Motor-oper- 
* Maintai temperat constant * ated blower dries samples two to 
OVENS * within + 0.5° C in range from 35° °* three times faster. Operating range 
* to 200° C, uniform to + 1° C ¢* 35° to 175° C, + 0.5° C control. 
* throughout the 12” x 12” x 124%” * 3 removable shelves give 400 sq. in. 
* chamber. 3 removable shelves with * area in the 10%” x 12” x 1214” 
¢ 430 sq. in. total area. * chamber. 
. . 
° FISHER SENIOR ° FISHER SENIOR FORCED 
. i ISOTEMP OVEN Ki DRAFT ISOTEMP OVEN 
only Fisher . ; | 
: | ; 
Isotemp ovens : : 
é . 7 
give you all : : 
7 advantages : : 
UNIFORM TEMPERATURE : : 
THROUGHOUT 3 For more samples per batch at the . The Senior Forced Draft Isotemp 
. same close temperat tol a! more samples, faster. 
CONSTANT, UNVARYING . 2nd wide range, the Senior Isotemp , Blower, housed in lower section, 
y » Oven is the efficient and economical , passes heated air up one side, across 
TEMPERATURES . solution. Roomy 18” x 18” x 15” , samples, down opposite side and 
~ chamber, 4 removable shelves give , back into blower for recirculation. 
. over 1000 sq. in. of area. Holdsup , 4 removable shelves (960 sq. in. 
. 
e 


LOW INITIAL AND 
OPERATING COSTS 


FUNCTIONAL, MODERN 
DESIGN 


TWO SIMPLE CONTROLS 


BUILT-IN SAFETY 
FEATURES 


Write for booklet: 
139 Fisher Building 
Pittsburgh 19, Pa. 








FISHER SCIENTIFIC 


America’s Largest Manufacturer-Distributor ef Laberatery Appliances & Reagent Chemicals 


IN THE U.S.A. Chicago Philadelphia IN CANADA 
Boston Cleveland Pittsburgh Edmonton 
Buffalo Detroit St. Louis Montreal 
B-22b Charleston, W.Va. New York Washington Toronto 
826 








Angeles, Calif. (W. H. Ware, Rand Corp., 
1700 Main St., Santa Monica, Calif.) 

6-9. International Commission of Op- 
tics, colloquium, Brussels, Belgium. (W. 
D. Wright, Imperial College, South Kens- 
ington, London, S.W.7.) 

7-9. Acoustical Soc. of America, an- 
nual, Washington, D.C. (W. Waterfall, 
335 E. 45th St., New York 17.) 

7-10. Virginia Academy of Science, an- 
nual, Roanoke. (P. M. Patterson, Dept. 
of Science, ‘Hollins College, Hollins, Va.) 

7-11. American Psychoanalytic Assoc., 
San Francisco, Calif. (J. N. McVeigh, 
APA, 36 W. 44 St., New York 36). 

8. Association of Vitamin Chemists, 
Chicago, Ill. (A. E. Denton, Research 
Labs., Swift & Co., Chicago 9.) 

8-9. Colorado-Wyoming Acad. of Sci- 
ence, annual, Denver, Colo. (R. G. Beid- 
leman, Zoology Dept., Colorado College, 
Colorado Springs. ) 

8-10. Illinois State Academy of Science, 
5ist annual, Urbana. (R. A. Evers, Il- 
linois Natural History Survey, Urbana.) 

11-16. Social Welfare, nat. conf., Chi- 
cago, Ill. (National Conf. on Social Wel- 
fare, 22 W. Gay St., Columbus 15, Ohio.) 

12-14, High Polymer Forum, 8th Ca- 
nadian, Ste. Anne de Bellevue, Quebec. 
(M. H. Jones, Dept. of Chemistry, On- 
tario Research Foundation, 43 Queens 
Park, Toronto 5, Ont.) 

12-14, Instrumental Methods of Analy- 
sis, internatl. Symp., Houston, Tex. (H. 
S. Kindler, Instrument Soc. of America, 
313 Sixth Ave., Pittsburgh, Pa.) 

12-14. Research Methods and Instru- 
mentation Symp., 8th annual, Bethesda, 
Md. (J. B. Davis, National Institutes of 
Health, Bethesda 14.) 

12-16. American Psychiatric Assoc., an- 
nual, San Francisco, Calif. (D. Blain, 
APA, 1785 Massachusetts Ave., NW, 
Washington 6.) 

14, American Acad. of Arts and Sci- 
ences, Brookline, Mass. (R. W. Burhoe, 
280 Newton St., Brookline 46.) 

14-16. Society for Experimental Stress 
Analysis, Cleveland, Ohio. (W. M. Mur- 
ray, P.O. Box 168, Cambridge 39, Mass.) 

14-24, European Acad. of Allergy, The 
Hague, Netherlands. (EAA, 17 Em- 
malaan, Utrecht, Netherlands. ) 

15-16. Operations Research Soc. of 
America, Boston, Mass. (M. L. Ernst, Box 
2176, Potomac Station, Alexandria, Va.) 

15-17. Basal Ganglia Surgery for In- 
voluntary Movement Disorders, symp., 
New York. (Miss D. P. Frome, Office of 
Public Relations, New York University- 
Bellevue Mevlical center, 550 First Ave., 
New York !5.) 

18-24. Sanitary Engineering, 6th Inter- 
American Cong., San Juan, Puerto Rico. 
(E. Ortega, Box 218, San Juan.) 

19-21. American Trudeau Soc., 53rd 
annual, Philadelphia, Pa. (K. R. Boucot, 
Woman’s Medical College, Philadelphia.) 

19-23. Gas Chromatography, 2nd 
symp., Amsterdam, Netherlands. (G. Dijk- 
stra, Postbox 114, Vlaardingen, Nether- 
lands. ) 

20-22. Biosynthesis of Terpenes and 
Sterols, Ciba Foundation symp. (by invi- 
tation), London, England. (G. E. W. 
Wolstenholm, 41 Portland Pl., London, 
W.1.) 


(See issue of 21 March for comprehensive list) 
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MICROMANIPULATOR 
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Unmatched flexibility of movements in all directions in 
space are achieved by natural hand movements under 
magnifications of 100 X to 2000 X without adjustment. 
The “Cailloux” advanced design combines maximum speed, 
precise response and stability with unusual ease of oper- 
ation. Back-lash, parasitic vibrations and lag are elimi- 
nated. Prolonged manipulations can be conducted without 
fatigue. Includes many additional exclusive features. 


LOW IN PRICE 
C. H. STOELTING COMPANY 


424 N. HOMAN AVE., CHICAGO 24, ILL. 












PHOTOVOLT Line-Operated 
Multiplier FLUORESCENCE METER 
Mod. 540 





lig, 


e High-sensitivity for measurement of low concentrations 
(full-scale setting for 0.001 microgram quinine sulphate! 
@ Micro-fluorimetry with liquid volumes as low as 1 ml 
@ Low blank readings, strict linearity of instrument response 
@ Universally applicable due to great variety of available fil- 
ters, sample holders, adapters and other accessories 
e Interference filters for high specificity of results and for 
determining spectral distribution of the fluorescent light 
e High-sensitivity nephelemetry for low degrees of turbidities 
@ Fluorescence evaluation of powders, pastes, slurries, and 
solids, also for spot-tests on filter paper without elution 


Write for Bulletin #392 to 


PHOTOVOLT CORP. 


95 Madison Ave. New York 16, N. Y. 








GLASS ABSORPTION 
CELLS 3") KLETT 





Makers of Complete Electrophoresus Apparatus 


SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 

















Klett Manufacturing Co. 
179 East 87 Street, New York, New York 
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Your order \\ L 
will be | 
shipped... 
THAT 
QUICK! 







When it's a question of time... 
and it usually is... you can always rely upon 
NUTRITIONAL BIOCHEMICALS CORPORATION, 
Most orders are shipped the same day that they 


are received. 
A COMPLETE SELECTION OF 
MORE THAN 200 NUCLEOPROTEINS and DERIVATIVES 
Typical Derivatives 
Adenosine Triphosphate 6 Mercaptopurine 












Cytidine Uridylic Acid 
Cozymase Uridine 
Coenzyme |, 11, A 2, 6 Diamino Purine Sulfate 


Cytosine 8 Aza Guanine 





NUTRITIONAL 
BIOCHEMICALS 

CORPORATION 

21010 Miles Avenue... Cleveland 28, Obio 









Write For 

New Catalog 
Feb. 1958 

Over 2100 Items 
Write Dept. 102 
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Equipment 


The information reported here is obtained 
from manufacturers and from other sources con- 
sidered to be reliable. Science does not assume 
responsibility for the accuracy of the informa- 
tion. A coupon for use in making inquiries con- 
cerning the items listed appears on page 


®™ GAMMA SOURCES provide flux from 600 
r/hr to 3x 108 r/hr and higher. The 
source is contained in a welded steel 
case. Surface flux is said to be so low 
that the source can be used in an office 
or laboratory without special’ construc- 
tion or connections. (Isotopes Specialties 
Co., Dept. $997) 


@pIGITAL READOUT for displaying data 
from digital counters presents a series of 
2.5-in.-high numerals on a flat plane in 
straight-line sequence. The numerals are 
formed by a large number of high-in- 
tensity neon bulbs so that failure of indi- 
vidual bulbs does not falsify data. (Com- 
puter-Measurements Corp., Dept. S996) 


™ PLATINUM RESISTANCE THERMOMETERS 
can be installed by cementing or weld- 
ing on flat or curved, metallic or non- 
metallic surfaces. Units are available in 
ranges from —400° to +1550°F. Re- 
sistance change over the operating tem- 
perature interval is 100 ohm. Output 
without amplification is 5 v maximum. 
Accuracy of calibration is +1 percent of 


range below 1000°F. Repeatability is” 


+0.2 percent of range. 
, Dept. S993) 


(Trans-Sonics 


™ PULSE MODULATOR produces 0- to 
50-kv pulses at currents from 0 to 15 
amp and at repetition rates from 10 cy 
to 10 kcy/sec. For pulse-group opera- 
tion, triggered by an external generator, 
the modulator will recover and respond 
to pulses of varying widths occurring less 
than 1 psec apart with approximate rise 
times 0.25 usec and fall times 0.5 usec. 
An internal trigger generator is provided 
for single-pulse operation. (Levinthal 
Electronic Products, Inc., Dept. S998) 





® DECON'TAMINATING UNIT uses ultrasonic 
excitation to scrub radioactive particles 
from small articles. The tank, of stain- 
less steel, measures 9 by 534 by 534 in. 
The apparatus operates on 115v a-c 
power and is portable. (Atomic Acces- 
sories Inc., Dept. S979) 


™ AUTOMATIC ULTRASONIG WASHER for 
surgical instruments and laboratory glass- 
ware operates unattended except for 
loading. Filling, washing, draining, and 
rinsing are automatically sequenced. Up 
to 100 surgical instruments are accom- 
modated. (American Hospital Supply 
Corp., Dept. $995) 


™ NEBULIZER generates aerosol particles 
of size 0.5 to 3.0 uw at flow rates as low 
as 3 lit/min and up to 15 lit/min. A 
whistle warns of obstruction of the outlet 
tubing throughout the flow range. (Air 
Reduction Co., Inc., Dept. S970) 

JosHua STERN. 
National Bureau of Standards 








| PERSONNEL PLACEMENT 














CLASSIFIED: 25¢ per word, minimum 
charge $4.25. Use of Box Number 
counts as 10 additional words. Pay- 
ment in advance is required 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion 
13 times in 1 year 
26 times in 1 year 23.00 per inch 
52 times in 1 year 22.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, D.C. 


$26.00 per inch 
24.00 per inch 














Iil| POSITIONS WANTED || 


Medical Microbiologist, M.S. Desires to relocate. 
Challenging hospital. or "ace health appoint- 
ment. Box 101, SCIENCE x 








Iiiili{ POSITIONS WANTED || 


Organic (Medicinal) Chemist; Ph.D. with phar- 
macology training; 9 years’ research in synthesis 
of medicinals with successful records. Many pub- 
lications and patents. Creative thinking and plan- 
ning ability; have new, interesting projects to 
offer, Desires senior research or program _plan- 
ning position with medical institution or indus- 
try. Presently with Philadelphia concern. Box 
100, SCIENCE X 








ill POStTIONS OPEN iil 


ALLEN & HANBURYS LIMITED, Ware, 
Hertfordshire require in their research division 
an Experimental Biologist preferably with ex- 
perience in parasitology, protozoology, or im- 
munology. This is a very senior position requir- 
ing a man of wide experience to take full re- 
sponsibility for research into the development of 
immunological products of a new type. Applica- 
tions giving details of age, qualifications, and 
experience should be addressed to the Personnel 
Manager, Allen & Hanburys Limited, Bethnal 
Green, London, E.2. x 








Biologist- Pharmacologist. Unusual opportunity 

for aggressive man to head department. Inde- 

pendent : et and rg | organization. Send 
c 


résumé to Dr. J. Eibert ientific Associates, 
3755 Forest Park, St. Louis 8, aes : 
4/4, 1 





Microbiologist, Ph.D,, 35. Academic, research, 
and diagnostic experience in virology and im- 
munology. East. Box 102, SCIENCE 





x 
Ph.D. (majors: chemistry, biochemistry; minors : 
organic, physical chemistry) ; research ‘fellow, 2 
years; 3 years, instructor in physiology; 8 years, 
research chemist, pharmaceutical company. Med- 
ical Bureau, Burneice Larson, Director, 900 
North Michigan, Chicago. x 





Physiologist-Entomologist, Ph.D. Desires teach- 
ing and research position. Major interests (i) 
general and invertebrate physiology; (ii) ento- 
mology and_ toxicology. Research and teaching 
May ae in use of radioisotopes. Box 
103, SCIENCE 





Social Psychologist, Ph.D., seeks academic or 

research position permitting Tait making, 

game theory research. Box 99, SCIENCE. 
4/18 





ENDOCRINOLOGIST | 


Ph.D. or M.D. with 5 to 10 years ex- 
perience in Endocrinological Research 
to head Department of Endocrinology 
in an expanding pharmaceutical or- 
ganization. This is a key position in a 
company where real emphasis is placed 
on research. Liberal benefits. Write to 


H. W. Werner 
Vice President in charge of Research 
The Wm. S. Merrell Company 
Cincinnati 15, Ohio 











Zoologist, Ph.D.; age 37; 4 years of teaching, 6 
years of research, ublications in ecology and 


invertebrate zoology. Desires teaching, research 
in_academic position, preferably South. Box 98 
SCIENCE, X 








Physiologist, Ph.D., to teach undergraduate and 

raduate courses in southern university. Ample 
acilities and opportunities for research. Box 87, 
SCIENCE, 4/1 





iii POStt10NS OPEN {lil 


Chemist or Chemical Engineer wanted for a 
l-year teaching and research appointment as 
special lecturer in chemistry or chemical engi- 
neering. Salary range $5500-$6900. For further 
details, apply Head, Department of Chemistry, 
University of Saskatchewan, Saskatoon, Sas- 
katchewan, Canada. 








(a) Director, Organic Chemical Research and 
(b) Director, Biological Research; excellent op- 
portunities for young, imaginative Ph.D.’s to 
assume newly created positions, small ethical 
pharmaceutical laboratory; excellent growth po- 
tential; midwestern university city. (c) Assist- 
ant Microbiologist ; B.S., teaching ability; large, 
busy laboratory, $00-bed general hospital; uni- 
versity city. (d) Associate Organic Chemist; 
Ph.D. for research synthetic organic chemistry ; 
minimum 00; eastern pharmaceutical house. 
(e) Virologist ; B.S., S. microbiologist experi- 
enced tissue culture, assist basic research prob- 
lems virus infection, immunology; $5700 up; 
important concern. (#) Biochemist; to head sec- 
tion, new laboratory in expanding general hos- 
pital to be completed summer, 1958; cosmopoli- 
tan midwestern college community. Woodward 
Medical Bureau, Ann Woodward, Director, 185 
North Wabash, Chicago. x 


NEW WORLD-WIDE GRADUATE 
AWARD DIRECTORY. First compilation ever 
prepared for American scientists, teachers, and 
librarians to subsidize their education and re- 
search in more than 350 universities in 45 states, 
30 foreign lands. Stipends $200-$10,000. Com- 
plete Se ry Just published. Send $2 now. 
CRUSADE, Sci., Box 99, Station G, Brooklyn 
22, N.Y. eow 


SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for posi- 
tions in many states and foreign lands. Monthly 
non-fee placement journal since 1952 gives com- 
plete job data, salaries. Members’ a 
and vacancies listed free. 1 issue, we 

(12 issues) membership, $5.00. RUSADE, 
SC1.. Box 99. Station G, Brooklyn oy N.Y. ew 


SENIOR RESEARCH sina 
(PHYSIOLOGY) 
Appointment at minimum of $8310 with five an- 
nual increments to maximum of $10,020. To do 
research in_ neuro- enfowsnoegy. in the Neuro- 
Endocrine Research Unit of Willowbrook State 
rae Staten Island, N.Y. Knowledge of bio 
ic testing of hormones on rodents and statisti- 
cal catpaantte methods is valuable but not essen- 
poe Ph.D. is necessary. re ogg to be made 
o H. H. Berman, M.D., Director, ceeds 
State School, Staten Island 14, 4/4,11 
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{iMiill| POStT10NS OPEN |i 


(a) Technical Director ; Ph.D. in organic or 
biochemistry ; 10 years’ hes erlgreecs since receiv- 
ing Ph.D.; physician eligible technical division 
of 100; duties include medical research and de- 
velopment, control and veterinary research; 
$20,000; Midwest. (b) Chemist qualified in mi- 
crobiology to direct research laboratory, major 
industrial company; university cit aes $10,- 
000-$12,000. (c) Supervisor of Unit; re- 
search department, 1000-bed Se adaien hospital ; 
ample opportunity for research ; $7000; Midwest. 
(d) Chairman, Biology Department; Ph.D., out- 
standing experience, teaching and research ; op- 
portunity also for assistant professor physical 
chemistry; Ph.D., 2 years’ experience required ; 
foreign city. $4-2 Medical Bureau, Burneice 
Larson, Director, 900 North Michigan Avenue, 
Chicago. x 











Two new opens s in Research Li- 
brary, Detroit, Michigan, with possi- 
bility of transfer to new medical 
research unit at Ann Arbor, Michigan, 
in 
1. Cataloger with thorough back- 
ground in classification. 
MLS degree and background in 
science or science degree. 
2. Reference Librarian 
Science degree with library back- 
ground or training. 
Applicants should have experience in 
industry or other special library and 
ability to assume responsibility for 
respective functions. French and Ger- 
man required. 
Liberal salary and benefit plans. 


Send résumé to Personnel Department, 
Parke, Davis & Company, Detroit 32, 
Michigan. 

















Virus Research: M.D. or Ph.D. interested in 
infectious diseases, basic studies on mechanisms 
of infection and on etiology, pathogenesis and 
epidemiology of virus diseases of infancy and 
childhood, Excellent facilities. Salary and rank 
open on basis of candidate’s qualifications. Starts 
1 July 1958. Box 97, SCIENCE. 4/11, 18 


L| FELLOwstres || 


Fellowship: 2-year tenure, 1 July 1958, for 
D.V.M. postdoctoral opportunity for training in 
virus diseases and for research on etiology, patho- 
genesis and epizootiology of animal diseases. In- 
dependent research one-half time. Stipend $5000 
per annum, tax exempt. Box 96, irs a 














The Market Place 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 








DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion 
13 times in 1 year 
26 times in 1 year 23.00 per inch 
52 times in 1 year 22.00 per inch 

For page 94 enn Soper ads, copy must 
reach S weeks before date 
of issue Clay of every week). 


$26.00 per inch 
24.00 per inch 














|jll PROFESSIONAL SERVICES |i 





LaWall & Harrisson 


RESEARCH & CONTROL LABORATORIES 
Div, $, 1921 Walnut St., Philadelphia 3, Pa. 


Food s Drug propLems 


BACTERIOLOGICAL 


Pharmacological Chemica: 
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[lll PROFESSIONAL SERVICES [jl 








Histology 
for 
Industry and Research 
George L. Rozsa, M.D. 


143 Linwood Ave. Buffalo 9, New York 














Ill BOOKS AND MAGAZINES li 


SCIENTIFIC JOURNALS WANTED 


Sets, Runs and Velumes bought at Prices. 
—————————_ Your wants from 
our Back Files of over 3,000,000 periodicals. 
Abrahams Magazine Service; N. Y. 3, N. Y. 











{Wiiil| BOOKS AND MAGAZINES ji 


Your sets and files of 
sian journals 


te ie 
vt Write Siete Sale 


||| SUPPLIES AND EQUIPMENT || 

















Sprague-Dawley, Inc. 
Pioneers in the development of the 
standard laboratory rat. 
Sprague-Dawley, Inc. 


P.O. Box 2071, Madison 5, Wisconsin 
Phone: CEdar 3-5318 
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Information Requisition 


Use this easy self-mailer to obtain further information 
It’s simple: Mark — Clip — Fold — Mail 


This coupon is for your convenience—to facilitate your requests for further 
information about advertised products and items in Equipment News. 


From: 


EES aE Se ae ee 
I a otc c.5 do cake Ge oo 


Street ..... uaabeas eset 


ROME. os. OE Sele e es ase a% 


(Please print or type) 








Tinie’ Devotee 
SCIENCE MAGAZINE 


Room 740 


11 West 42 Street 
New York 36, New York 


| Mark, clip coupon — FOLD HERE along this line — stamp, mail 
| 


Fasten Here Only 
Staple, Tape, Glue 





























\\\|| SUPPLIES AND EQUIPMENT HI 








HOLTZMAN | 


COMPANY 


TISSUE STUDY TECHNI 


IN OUR QUALITY CONTROL 


HUNTINGDON FARMS, INC. 
2548 NORTH 27th ST. PHILA. 32, PA. 


IIl||| SUPPLIES AND EQUIPMENT ||| 


BACTERIOLOGICAL AND _ GROSS 
ES USED 








. continuous group uniformity 


SWISS MICE 


Price lists on request 


DAN ROLFSMEYER CO. 
Ph. Alpine 6-6149 


Rte. 4, Box 205 Madison, Wis. 


Phone ALpine 6-5573 























ALBINO RATS 


Route 3, Syene Road, Madisen, Wiscensin 
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Information Requisition 


Use this easy self-mailer to obtain further informatin about 
items or literature from the Equipment News section as well 


as from advertised products. 


EQUIPMENT 


Circle below desired number corresponding to: 


$970 
$997 


$979 
$998 


$993 $995 $996 


ADVERTISERS IN THIS ISSUE 


‘Check page number in list below of advertiser from whom you would like 
more information. If more than one item appears in ad, letters (A, B, C, etc.) 
are used to indicate particular items available in order of appearance in adver- 
tisement. Where more than one ad appears on a page, ‘‘U”’ indicates upper ad, 
**L’’ lower ad, “‘I’’ inside ad, “‘M” midle ad, and ‘‘O”’ outside ad. Advertise- 
ments in Personnel Placement and Market place are not keyed. A multiplicity 
of items is indicated by *. Readers are requested to specify on this coupon 
the particular item in which they are interested; otherwise, 
cannot be processed. 


the request 


O 778 O 779,A O779,8 0779,C¢ 0 780* 0 781 
D 782 0 783 0 784 0786,A 0786,B OO 817* 
0 8180,A 0 8180,B 0 8180,Cc O8i18iu 0 819 0 820 
0 821 O 8220L* © 8231U* 0 8230U 01 823L* O 824* 
0 8251 0 8250* O 826 082710 © 827i1L* O 8270U 
0 8270L* 0 831* 0 832 

830 
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‘ * em 
albino rats sf. . 


*Descendants of the * \? 
Sprague-Dawley and 
istar ee 


inyssohdmniiniadh 
Rats 


HENRY L. FOSTER, a 
President and Direc 
THE CHARLES RIVER BREEDING LABS. 
Dept. B, Wilmington, Mass. 














Special LaMOTTE Reagents 
for Analysis 


BORON — Use LaMotte “BORAN” 
(diaminochrysazin) A new standard- 
ized reagent, synthesized in coopera- 
tion with Prof. John H. Yoe. Avail- 
able for immediate delivery. 
Sensitivity—1 part in 25, (000,000 parts 
solution. 


LaMotte MUREXIDE (pure acid am- 
monium purpurate) igh tinctorial 
power, brilliant color, available for 
immediate delivery. LaMotte Murex- 
ide joins our TIRON and ener 
as effective indicators in E.D.T.A 
titrations. 


* * * 
Send for LaMotte Catalog on 
CHEMICAL CONTROLS for 


pH, Chlorine Phosphates and 
Polyphosphates, etc. 


LaMOTTE CHEMICAL 
PRODUCTS CO. 


Dept. H Chestertown, Md. 

















The American Association for the 
Advancement of Science announces 
three new symposium volumes of 
the utmost importance to psychia- 
trists, neurologists, clinical psy- 
chologists, physiologists, pharma- 
cologists, and biochemists—and of 
great interest to the general public. 


Tranquilizing Drugs 
6” x9”, 205 pp., 32 illus., refer- 
ences, index, cloth, March 1957. 


Price $5.00. AAAS Members’ cash 
order price $4.50 


Psychopharmacology 
6” x9”, 175 pp. bibliographies, 
index, cloth, 1986. Price, $3.50. 
AAAS Members’ cash order price 
$3.00. 


Alcoholism— 
Basic Aspects and Treatment 


6” x9”, 220 pp., 33 illus. refer- 
ences, index, cloth, May 1957. 


Price $5.75. AAAS Members’ 
cash order price $5.00. 


AAAS Publications 
1515 Mass. Ave., NW, Washington 5, D.C. 
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ENSATIONAL OPTICAL BARGAIN 


Photographers! 
Adapt your camera to this Scope for 
excellent Telephoto shots and fascinat- 
ing nhotos of moen! 


This is an 
actual photo- 
graph of the 
moon taken 
through our 
Astronomical 
Telescope by 
a 17-year-old 
student. 


4V4” ASTRONOMICAL TELESCOPE! 
"iy MT. PALOMAR TYPE 


With this scope you can see the 
craters on the Moon, the rings 
of Saturn, double stars. Mirror 








limit of resolution. Rack and 
pinion focusing, removable mir- 
tor mount, counterweight. Real 
equatorial mounting—only one 
adjustment follows stars! Alu- 
_; minum tube. 6 Power Finder 

Telescope. 2 standard size Eye- 
pieces and Mounted Barlow Lens give you powers of 40X, 
90X, 120X, 270X. Mirror f/11. Mirror corrected to better 
than %4 wavelength. Low-cost accessory eyepiece available 
for power up to 540. Stock Ne. 85,006-W .. $74.50 f.o.b. 
Order by Stock No. Barrington, W.J. 

Send Check or M.0. — Satisfaction Guaranteed! 








Take Telephoto 
Shots Thru 


7x50 MONOCULAR 


This is fine quality, Ameri- 
can made instrument—war 
surplus! Actually 4, of U.S. Govt. 7 x 50 Binocular. Used 
for general observation both day and night and to take 
fascinating telephoto shots with your camera. Brand new, 
$95 value. Due to Japanese competition we close these out 
at a bargain price. Directions and mounting hints included. 
Stock No. 50,003-W ........ceeeeees $15.00 Postpaid 


BUILD A SOLAR ENERGY FURNACE 
Wonderful Geophysical Year 








School Project 
Build your own Solar Furnace for ex- 
perimentation — many practical uses. 


It’s easy—inexpensive. Use your scrap 
wood. We furnish instruction booklet. 
This sun powered furnace will generate 
terrific heat—2000° to 3000°. Fuses 
enamel to metal. Sets paper aflame in sec- 
onds, Use our Fresnel Lens—14%” + wee Shenae 
Stock No. 70,130-W pkg. of 1 .... $6.00 testyald 
AMERICA NEEDS SCIENTISTS! 
Stimulate your son’s interest—request our FRE 
CATALOG-W featuring hundreds of scientific os 
astronomical items. No better time than in this 
INTERNATIONAL GEOPHYSICAL YEAR! 




















Now — See The Satellites 
NEW, LOW PRICE “SATELLITER” TELESCOPE 
First Time — Only $9.95 Postpaid 
Get ready for a terrific sky show as 
more Satellites are vaulted into space. 
See thrilling sights with our amazing 
Satellite Scope at unheard of low 
cost. Also view comets—use as a Rich-fieid Scupe fur view- 
ing star clusters. 5 power—wide 12° field—slight distor- 
tion at outer edges because of unusual wide field. Use of high 
quality war surplus optics makes possible this bargain. Full 
2” achromatic objective—large 9mm exit pupil for night 
tse. Scope is 10” long, weighs less than one pound. 
Stock No. 70.150-W ... $9.95 Postpaid 


We are the mfg. of the famous 
Moonwatch Satellite Telescope! 








ORDER BY STOCK NUMBER 


guaranteed to give theoretical © 


See the Stars, Moon, Planets Close-Up! 
3” ASTRONOMICAL 
REFLECTING TELESCOPE 





ASSEMBLED and 
READY TO USE! 











Famous Mt. Palomar-Type 


60 to 160 Power — An Unusual Buy! 
Youll see the Rings of Saturn, 
the Moon, Star Clusters, Moons of Jupiter in detail. Galaxies! This is a fine 
quality, American-made ‘telescope engineered and built for clear definition and 
resolution. Equatorial mount with lock on both axes—you automatically follow 
stars across the heavens. speed 
f/10 mirror. Each mirror Focault tested. Telescope comes equipped with a 60X 
eyepiece and a mounted Barlow Lens, giving you 60 to 160 Power. Accessory 
eyepieces available for powers up to 320. An Optical Finder Telescope, always 
so essential, is also included. Sturdy, hardwood, portable tripod. 
Free with scope: Valuable STAR CHART and 272 page “Astronomy Book.’ 
Stock No. 85,050-W 
(Shipping wt. 10 Ibs.) 


the fascinating planet Mars, huge craters on 


Aluminized and overcoated 3” diameter high- 


$29.50 f.o.b. 
Barington, W.J. 





else SNIPERSCOPE TELESCOPE & PARTS 
See in the dark—without being ob- 
served. War surplus Sniperscope M-2 
Govt’. cost about $1200. Instrument 
complete, ready to use. Includes Power 
Pack, infrared light source. Will op- 
erate from 6 V auto battery. Battery 
or transformer available. 
Stock No. 85,053-W $150.00 f.0.b. 
Save still more money! Build your own 
= Sniperscope! We will furnish instruc- 
j tions—parts, including: Power Packs, 
1P25A image tubes, light units, fil- 
ters, ete. For details—request FREE Catalog ‘‘W’’. 


50-150-300 Power NN 

MICROSCOPE 

Low Price Yet Suitable for Classroom 
Use! Only $14.95 

3 Achromatic Objective Lenses on 

Revolving Turret! 

Imported! The color-corrected, cemented achro- 

matic lenses in the objectives give you far su- 

perior results to the single lenses found in the 

microscopes selling for $9.95! Results are worth 

the difference! Fine rack and pinion focusing 

Stock No. 70,008-W .... $14.95 Postpaid == 











MOUNTED 500 POWER OBJECTIVE 

. Threaded for easy attachment on above microscope. 

Achromatic lenses for fine viewing. 3 mm. focal length. 
$5.00 


Pstpd. 


Stock 330,197-W 





Check, Measure, 
Inspect with this 
6 POWER 
POCKET 
COMPARATOR 
(Complete with 
Leather Case) 
MEASURES 
« Angles 

e Radil + Cireles 
« Linear — in both 
decimal inches and 
millimeters. 
























HANDY! 
FAST! ACCURATE! 


chamfers, wear on cutting 


Used to check layouts, 


matching on _ tools, 
ilies, gauges; to check threads, 
vols, ete. 








Stock No. 30,061-W .. New Low Price .. $19.50 Pstpd. 
: — MEASURING 
POCKET 
RETICLE PATTERN near 50 POWER 


No larger than an ordinary fountain pen, this handy pocket 
nstrument is ideal for making direct reading measurements; 
or checking small parts and dimensions under powerful mag- 
nification. Speeds up quality control. Instrument contains a 
~recision glass etched reticle calibrated for measurements 
p to 1/10” by .001” divisions. Estimates to .0005” can 
easily be made. Chrome reflector at base of instrument re- 
flects light on object examined or measured. Sturdy con- 
truction assures long, useful service. 


Steck We. 30,225-W ..... ccc cecccees $7.95 Postpaid 





New! 2 in 1 Combination! Pocket-Size 
50 POWER MICROSCOPE 


and 
10 POWER TELESCOPE 

Useful Telescope and Microscope combined in 
one amazing, precision instrument. Imported! 
No larger than a fountain pen. Telescope is 
10 Power. Microscope magnifies 50 Times. 
Stiwip oxus at any range. Handy for sports, looking at 
small objects, just ~~ snooping. 








Order Stock 7#30,059-W .............. $4.50 Postpaid 
Send Check or M.0. Satisfaction Guaranteed! 


- SEND CHECK OR MONEY ORDER. 


Fine, American-Made Instrument at Over 50% Saving 


STEREO MICROSCOPE 


Up to 3” Working Distance 
—Erect Image—Wide 3 
Dimensional Field 


Now, ready after years in de- 
1 t— this i 





answers the long standing 
need for a sturdy, efficient 
STEREO MICROSCOPE at low 
cost. Used in production—in 
research—in the lab, shop, 
factory, or at home; for in- 
spections, examinations, count- 
ing, checking, assembling, dis- 
a secting—-speeding up and im- 
j proving quality control. 2 sets 

of objectives on rotating 

turret. Standard pair of wide field 10X Kellner Eyepieces 
give you 23 power and 40 power. Additional eyepieces 
available for greater or lesser magnification. A low refiec- 
tion coated prism erecting system gives you an erect image 
—correct as to right and left—clear and sharp. Helical 
rack and pinion focusing. Precision, American-made! 10- 
DAY TRIAL . . . complete satisfaction or your money back. 


Order Stock No. 85,056-W a me approx. 11 ~ 
Full price 99.50 f.0.b. Barrington, 





Send Check or M. ~ 
NEW! STATIC ELECTRICITY GENERATOR 


See a thrilling spark display as you 
set off a miniature bolt of lightning. 
Absolutely safe and harmless—perfect 
for classroom experimentation . . 
ideal for Science Clubs. Sturdily made 
—stands 14” high. Turn the handle 
and two 9” plastic discs rotate in 
opposite directions. Metal collector 
brushes pick up the static electricity, 
store it in the Leyden jar type con- 
denser until discharged by the jump- 
eo ing spark. Countless tricks and ex- 
purieiatts. 24- eies instruction booklet included. 


Stock No. 70,070-W ........eseeeeee $10.95 Postpaid 


BRIGHT BEAM LAMP 


Gives brilliant and uniform illumina- 
tion! Optically designed for all close- 
work operations. Adjustable to almost 
any position. Widely used in conjune 
tion with stereoscopic and dissecting 
microscopes, toolmakers’ microscopes, 
magnifiers and loupes . . . excellent for 
use with student microscopes. Variable 
spot of light obtainable from 5g” diameter, very intense, 
to about 3”, less bright, simply by sliding focus tube back 
and forth. Complete with bulb and daylight filter, on 
stand. Money-back guarantee. 


Stock No. 15,001-W 














$27.50 Postpaid 


SWIVEL-CLAMP MAGNIFIER 
This large 4” diameter magnifier will 
easily clamp onto any regular or fluores- 
cent lighting fixture. With two ball and 
socket joints you can swivel it to any 
position. Large 4” ground and polished 
lens is + 5 dioptre, 8” focal. Use both 
eyes—see an image with depth to it. 


Stock No. 30,249-W $4.15 Postpald 


SIMPLE LENS KITS! 
Fun for adults! Fun for children! Kits include plainly writ- 
ten, illustrated booklet showing how you can build lots of 
optical items. 











Stock No. 5-W—45 lenses .......... $ 5.00 Postpaid 
Stock No. 2-W—10 lenses .......... $ 1.00 Postpaid 
Stock No. 10-W—80 lenses .........+ $10.00 Postpaid 





GET OUR GIANT 
FREE CATALOG-W 


Over 1000 Optical Bargains, 80 Fascinating Pages 
Huge selection of lenses, prisms, war surplus op- 
tical instruments, parts and accessories. Tele- 
scopes, satellite scopes, 
microscopes, binoculars. 
Hand spectroscopes, reti- 
cles, —— pao na ae dena, 
ings lozens of other 0 

hard-to-get optical items. 4 Pricey 
America’s No. source a 





of supply for Researchers. 2 
Lab. Technicians, Photog- iF " 
— lobbyists, Tele- 5 
Makers, etc. Ask ay 
for for catalog W. 


SATISFACTION GUARANTEED! 


EDMUND SCIENTIFIC CO., BARRINGTON, NEW JERSEY = 











Seligson 
AUTOMATIC 
PIPETTE’ 


e SAVES 
Time 
Glassware 
e REPRODUCIBLE 
Sampling 
Delivery 
Dilution 
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*SELIGSON 
PIPETTE 


CALISRATED 
<«——-TIP 


! 


SAMPLE 
DELIVERED 








ae. @liminates individual sampling pipettes 
and repeated filling of dilution pipettes 


A fixed volume pipette permanently 
attached to a double bore stopcock, which 
permits rapid filling without adjustment 
to a reference mark, and complete washout 
delivery of the contained sample by a 
measured amount of a second liquid from a 
burette, pipette, or arbitrarily calibrated tube 
connected to upper arm. Eliminates need for 
individual sampling pipettes, and repeated 
filling of dilution pipettes, realizing a highly 
significant economy of time and glassware, 
and assuring reproducible sampling, delivery, 
and dilution which are especially important 
in routine clinical chemistry. Applicable, how- 
ever, to any type analysis in which a standard 
volume is diluted or reacted directly with a 
measured volume of a second liquid. 


In use, the pipette is attached to the dispensing 
burette by means of the upright arm of the stop- 
cock, and to a suction device by means of the bent 
tube at the left. A waste trap is inserted into the 
line prior to the suction connection. 


Samples are taken by setting stopcock to con- 
nect tip with suction line. A small excess is drawn 
*Patent applied for. 


A.H.T.CO. 


over into the bent tube to serve as an initial rinse 
for the pipette wall. The sample is delivered by 
reversal of the stopcock plug to allow solution in 
the burette to expel the sample through the tip, 
and to rinse it clean. Following delivery of the 
required amount of reagent from the burette, the 
tip, filled with diluent which keeps it clean, is ready 
for immediate intake of the next sample. 

The pipette, devised by Dr. David Seligson of 
the Graduate Hospital of the University of Penn- 
sylvania, has been applied to more than twenty-five 
clinical chemistry procedures as described in Amer- 
ican Journal of Clinical Pathology, Vol. 28, No. 2 
(August, 1957) pp. 200-207, and Technical Bulletin 
of the Registry of Medical-Technologists, Vol. 27, 
No. 7 (July, 1957) pp. 152-159. 

The pipettes are designed for attachment to 
standard burettes or to similar dispensing vessels. 
Connection is best made with Tygon tubing, which 
makes a transparent, flexible joint. 


8209-B. Pipettes, Seligson, as above described. 

To contain, ml 0.05 0.1 62. OS. 1d 
Tolerance, mi(+)... 0.005 0.005 0.01 0.01 0.05 
Tip length, mm 65 55 65 160 140 


11,00 11.00 11.00 11.00 





ARTHUR H. THOMAS COMPANY 


[LABORATORY APPARATUS | More and more laboratories rely on — 


Laboratory Apparatus and Reagents 
VINE ST. AT SRD © PHILADELPHIA &S, PA. 





